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<I  POPULAR  ELECTRICITY  Magazine  is  designed  to  present  the  wonders  of  Electricity 

"plain  English."    It  will  contain  much  to  interest  even  the  greatest  experts  in  the  art.    The 

agazine  is  intended  especially  for  the  people,  and  will  be  written  and  edited  by  experts,  but 

a  popular  form.     It  will  be  strictly  non-technical,  and  will  be  so  plain  that  all  may  under- 

ind.    In  short,  it  will  be  the  first  medium  ever  published  to  bring  the  general  public  in 

miliar  touch  with  the  most  wonderful  force  the  world  has  ever  known. 

The  primary  object  of  the  magazine  is  to  present  the  interesting  side  of  applied  electricity — 

^nd  every  side  of  applied  electricity  is  interesting.    The  secondary  object  is  to  bring  electricity 

ito  more  general  use.     If  it  were  but  better  understood,  electric  power  would  be  used  in  the 

ome  and  business  life  even  more  freely  than  it  is  now.     It  does  so  many  thinos,   and  does 

tern  so  well  and  so  cheaply,  that  only  a  more  general  knowledge  on  the  part  of  the  public  is 

required  to  bring  this  wonderful  power  into  more  familiar  use  in  daily  life. 

^  New  developments  in  the  art  are  constant.  And  the  editors  will  draw  on  the  entire  world 
for  contributions.  It  will  be  the  special  mission  of  this  magazine  to  bring;  first  knowledge  of 
these  developments  and  present  them  in  a  simple  and  fascinating  form. 

^  Neither  pains  nor  expense  will  be  spared  in  this  work,  and  it  is  the  belief  of  the  publishers 
that  the  public  will  give  eager  support  to  POPULAR  ELECTRICITY. 


ELEMENTARY    ELECTRICITY. 

BY   EDWIN    J.    HOUSTON,    PH.    D.      (PRIXCETOX.) 
CHAPTER    I. THE   ELECTRIC    CIRCUIT. 


THE  rapidity  and  certainty  with 
which  electricity  can  be  caused  to 
light  up  the  multitude  of  incan- 
descent lamps  scattered  through  the 
rooms  and  corridors  of  a  huge  office 
building  or  skyscraper,  such  as  shown 
in  Fig.  i.  seldom  fail  to  excite  admira- 
tion. If  it  happens  that  this  operation 
is  seen  for  the  first  time,  there  is  an 
added  feeling  of  wonder  and  bewilder- 
ment. But  a  moment  before  there  was 
darkness  throughout  the  great  build- 
ing. Suddenly,  as  switch  after  switch 
is  rapidly  closed,  the  lamps  flash  out  and 
pour  through  room  after  room  in  the 
great  buildings  a  flood  of  soft  mellow 
light  like  that  of  the  sun.  that  literally 
turns  night  into  day.  There  is  cer- 
tainly something  mysterious,  and  even 
uncanny,  that  the  electricity  should  be 
able  to  find  its  way  so  unerringly 
through  the  vast  network  of  wires  that 
connect  the  separate  lamps  with  the 
source  of  current  in  the  street  or  sub- 
basement  below.  To  the  uninitiated  it 
seems  strange  that  the  current  has  been 
able,  among  the  many  different  paths 
apparently  open  to  it.  to  pick  out  the 
particular  path  in  which  are  located  the 
lamps  that  are  to  be  illumined,  delib- 
erately passing  by  other  paths.  Is  there 
not,  the  tyro  almost  unconsciously  in- 
quires, some  species  of  intelligence  that 
permits  the  electricity  thus  to  select  the 
particular  route  it  has  been  desired  to 
take?  Unable,  satisfactorily,  to  answer 
this,  as  well  as  many  other  queries  that 
suggest  themselves  to  his  bewildered 
mind,  it  is  not  surprising  if  he  reaches 
the  conclusion  that  the  mysterious  force 
of  electricity  is  of  far  too  complex  a 
nature  to  permit  it  to  be  thoroughly 
comprehended  by  any  but  the  highly 
gifted  and  educated. 

Similar  thoughts  arise,  when,  toward 
evening,  the  arc  lamps  are  lighted  in 
the  streets  of  a  great  city.  Through 
street  after  street  the  lamps  almost  in- 
stantly flash  out  at  points  situated  prob- 
ably a  mile  or  more  from  the  great  dy- 
namos or  generators  that  are  producing 
the  exciting  current. 


But  even  more  astonishing  is  the  cer- 
tainly with  which  telephonic  currents 
are  able  to  find  their  way  not  only 
through  the  overhead  wires  that  con- 
nect different  cities,  but  through  the 
tens  of  thousands  of  wires  in  the  un- 
derground conduits  that  extend  below 
the  level  of  the  street  without  straying 
or  getting  lost.  It  seems  doubly  incom- 
prehensible that  these  currents  do  not 
lose  the  complex  and  delicate  variations 
in  strength  by  means  of  which,  when 
passed  through  the  coils  of  a  telephonic 
receiver,  they  are  not  only  able  cor- 
rectly to  reproduce  the  conversation,  but 
even  in  most  cases  to  transmit  the  pe- 
culiar characteristics  of  the  voice  of  the 
speaker. 

This  seems  strange  enough  when, 
while  sitting  in  one's  office,  a  telephonic 
message  is  received  from  one  or  another 
of  the  many  thousands  of  subscribers 
connected  with  the  central  exchange.  It 
appears  almost  incredible  that,  in  the 
twinkling  of  an  eye,  this  strange  electric 
force  has  been  able  to  find  its  way  into 
the  particular  building  and  correctly 
reproduce  the  spoken  message. 

If.  with  the  hope  of  solving  this  prob- 
lem, one  visits  the  telephone  exchange 
with  which  his  telephone  is  connected, 
and  obtains  permission  to  take,  a  peep 
back  of  the  great  switchboard  through 
which  all  the  circuits  coming  into  that 
exchange  pass,  and  from  whence  they 
are  distributed,  his  bewilderment  instead 
of  being  removed,  is  only  increased.  The 
multitude  of  wires  he  sees  seems  at  first 
almost  incredible.  If  the  exchange  is 
in  a  large  city,  and  the  time  of  his  visit 
is  at  the  busy  hour  of  the  day,  conver- 
sations are  being  carried  on  by  different 
voices  through  a  large  portion  of  those 
wires,  and  the  currents  reproducing 
these  conversations  are  passing  with  that 
wonderful  velocity  that  characterizes 
electricity.  Surely  the  electric  currents 
might  be  excused,  if  occasionallv  they 
take  a  wrong  path,  especially  when,  as 
will  afterwards  be  pointed  out.  it  is 
learned  that  the  currents  do  not  flow 
through  the  mass  of  the  conductor,  but 
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through  the  region  or  space  outside 
them.  And  yet  a  particular  current  un- 
erringly finds  its  way  to  the  particular 
circuit  with  which  it  is  connected.  Is 
it  then  at  all  surprising  that,  perhaps,  a 
large  proportion  of  mankind  should 
reach  the  conclusion  that  it  is  utterly 
hopeless  for  them  to  attempt  to  master 
even  the  elements  of  this  highly  com- 
plex and  mysterious  force? 

And  yet  it  is  not  because  people  do 
not  wish  to  familiarize  themselves  with 
the  principles  of  electricity  that  this  con- 
clusion is  reached.     It  is  reached  most 
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FIG.     1.        MODERN     SKYSCRAPER     WHERE 
ELECTRICITY  TS  A  WONDER  WORKER. 

reluctantly.  Did  it  not  seem  so  hope- 
less, every  one  would  master  at  least  the 
principles  of  this  great  science.  But 
what  can  he  do?  Again  and  again  he 
has  probably  tried,  by  the  reading  of 
text  books,  and  scientific  periodicals,  to 
master  the  difficulties  of  this  occult 
force.  Perhaps  in  too  many  cases  he 
has  been  driven  away  by  the  highly  tech- 
nical, although  thoroughly  correct, 
language  employed,  or  by  the  intricate 
mathematical  formulas  employed. 

It  is  my  object  in  this  series  of  arti- 
cles on  elementary  electricity  to  prove 
that  it  is  by  no  means  true  that  it  is 
impossible  for  anyone  to  obtain  clear 
and  correct  ideas  concerning  this  great 
branch  of  applied  science.  Although 
tin's  great  and  mysterious  force  appears 


at  first  sight  to  be  hopelessly  complex, 
yet  there  is  in  reality  nothing  about  its 
general  principles  and  the  laws  that  gov- 
ern it  that  should  prevent  anyone  from 
thoroughly  grasping  it.  In  order  to  ex- 
plain this  matter  at  somewhat  greater 
length,  I  invite  you  to  take  a  short  stroll 
with  me  along  some  street  or  thorough- 
fare in  which  great  quantities  of  elec- 
tricity are  employed  both  day  and  night 
for  illumination,  for  the  driving  of  cars 
and  motors,  or  for  any  other  work  that 
electricity  is  capable  of  performing. 

There  can  probably  be  found  no  bet- 
ter thoroughfare  for  this  purpose  than 
that  part  of  Broadway  in  New  York 
City,  which  extends  between  23d  and 
46th  Streets.  This  thoroughfare  has 
appropriately  been  called  "The  Great- 
White  Way."  It  is,  I  believe,  a  region 
that  can  properly  claim  to  employ  a 
greater  amount  of  electric  current  for 
the  purposes  above  enumerated  than  any 
other  part  of  the  world.  In  the  com- 
paratively short  distance  of  but  twenty- 
three  blocks  there  are  several  great  de- 
partment stores,  one  of  which  is  among 
the  largest  in  the  world,  and  others  so 
large  that  at  least  one  of  them  might 
properly  claim  second  rank  as  regards 
size.  Besides  numerous  smaller  stores, 
there  are  some  seventeen  large  hotels 
and  an  equal  number  of  theatres.  In 
the  same  district  are  to  be  found  the 
printing  establishments  of  two  large 
daily  newspapers,  most  of  the  machinery 
of  which  is  electrically  driven. 

The  night  is  drawing  on  as  we  begin 
our  stroll,  and  soon  a  flood  of  light  is 
poured  into  the  street  from  lamps  sus- 
pended from  the  tops  of  tall  poles,  or 
from  clusters  of  lamps  supported  on 
pedestals  about  the  height  of  the  old 
form  of  the  lamp  posts  for  gaslights. 
The  effect  of  this  illumination  is  ad- 
mirably shown  in  Fig.  2.  Some  of  these 
are  of  the  well  known  form  of  arc  lamps 
that  produce  a  white  light  closely  re- 
sembling that  of  sunlight,  while  others 
are  of  the  newer  form,  the  flaming  arc. 
that  produce  the  characteristic  yellow 
light.  As  we  pass  along  we  see  many 
electric  signs  formed  by  the  groupings 
of  clusters  oi  incandescent  lamps,  dis- 
played 011  the  fronts  of  stores,  or  on 
the  sides  of  tall  buildings.  They  either 
Sflow     steadily     with     different     colored 
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lights,  or  mysteriously  appear  and  dis- 
appear at  regular  intervals,  as  the  cur- 
rent is  automatically  cut  off  from  or 
connected  with  the  lamps  by  the  open- 
ing and  closing  of  switches.  This  cur- 
rent, as  a  rule,  is  taken  from  the  elec- 
tricity that  flows  into  the  stores  from 
mains  connected  with  the  nearest  light- 
ing station. 

We  pass  great  stores  brilliantly 
lighted.  The  goods  in  their  windows 
are  well  illumined,  and  can  distinctly  be 
seen  in  all  their  details  of  structure  and 
natural  colors.  The  lamps,  however, 
from  which  the  goods  receive  their  light 
are  skillfully  concealed  from  sight,  pref- 


We  pass  several  theatres  that  between 
the  hours  of  8  and  1 1  p.  m.  employ  great 
quantities  of  light  in  the  auditorium,  but 
especially  on  the  stage,  or  in  the  wings, 
after  the  rising  of  the  curtain. 

As  we  continue  our  stroll,  entering, 
possibly,  one  of  the  large  hotels,  it  will 
be  seen  that  here  too  the  lamps  em- 
ployed are  placed  above  the  line  of 
vision,  since  it  is  the  objects  in  the  cor- 
ridors and  rooms,  the  food  on  the  table 
in  the  dining  room,  and  the  people,  that 
it  is  desired  shall  be  seen.  To  a  certain 
extent,  however,  handsome  electroliers 
or  groups  of  bracket  lamps,  or  circles  of 
lamps     around     the    pillars,     or    artistic 


FIG.    2.     BEGINNING   OF    THE    "GREAT      WHITE    WAY.' 
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erably  in  the  upper  part  of  the  window  groups  of  lamps  on  the_  newel  posts  of 

back    of     a     suitably   arranged    curtain,  the  staircases,  serve  the  double^  purpose 

This  is  a  sensible  arrangement.     In  or-  of  illumination  and  adornment, 
der  to  see  an  illumined  object  distinctly  But  it  is  not  necessary  that  you  should 

the  light  from  that  object  should  be  the  walk  through   the   "Great  White  Way" 

only  light  that  enters  the  eye  of  the  ob-  in  New  York  Citv.     There  are  similarlv 
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server.  If  the  luminous  sources  are  in 
view,  so  as  to  be  able  to  throw  their 
light  directly  into  the  observer's  eyes, 
the  -intense  images  they  produce  will 
make  the  goods  in  the  window  almost 
invisible. 

As  it  is  yet  early,  the  stores  are  seen 
to  be  brilliantly  illumined  by  clusters  of 
lamps  located  above  the  goods  either  in 
the  ceiling  or  on  the  sides  of  columns 
near  the  ceiling. 


brilliantly  illumined  thoroughfares  in  all 
the  other  great  cities  of  the  United 
States,  as  well  as  in  other  parts  of  the 
world,  where  you  can  see  similar  things. 
No  matter  how  thoroughly  you  have 
been  impressed  by  the  great  complexity 
of  the  force  of  electricity,  which  is  thus 
able  to  produce  such  mysterious  results, 
I  trust  you  will  not  permit  yourself  to 
come  to  the  conclusion  that  electricity 
is   a   subject   that   is   hopelessly   beyond 
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your  ability  to  comprehend.  I  am  sure 
this  is  not  true.  It  is  by  no  means  true 
that  such  matters  can  be  made  intelli- 
gible only  to  the  highly  educated.  On 
the  contrary,  so  far  from  a  high  school 
education,  or  the  still  higher  education 
afforded  by  a  college  or  university  being- 
necessary,  if  you  possess  but  average  in- 
telligence, practically  all  the  general 
principles  of  electricity  can  be  made 
plain  to  you.  Moreover,  if  you  only 
possess  a  knowledge  of  the  four  funda- 
mental rules  of  arithmetic  —  addition, 
subtraction,  multiplication  and  division — 
you  can  even  make  some  of  the  simpler 
calculations  for*  determining  the  quan- 
tity of  electricity  that  will  flow  under 
different  conditions  through  any  path  or 
circuit. 

In  order' to  prove  this  let  us  take  up 
some  of  the  cases  referred  to  in  which 
electric  currents,  flowing  from  under- 
ground mains,  pass  into  a  building,  and 
are  able  to  reach  arc  or  incandescent 
electric  lamps  or  any  other  piece  of  elec- 
tric apparatus.  To  do  this  intelligently, 
we  will  first  discuss  some  of  the  pe- 
culiarities of  what  may  be  termed  a  sim- 
ple electric  circuit. 

A  circuit  of  this  character  consists  of 
the  following  essential  parts : 

(i).  An  electric  source,  or  device 
for  producing  electricity,  and  causing  it 
to  flow  through  wires  properly  con- 
nected  with   it. 

(2).  An  electro-receptive  device  con- 
nected with  the  circuit  for  producing 
some  of  the  many  different  effects  that 
electricity  is  able  to  produce.  There 
are  a  variety  of  electro-receptive  devices 
such  as  arc  or  incandescent  lamps,  elec- 
tro-magnets, electric  heaters,  etc. 

(3).  Conducting  wires  so  connect- 
ing the  electric  source  with  the  electro- 
receptive  device  as  to  carry  the  current 
out  from  the  positive  pole  of  the  source 
to  the  electro-receptive  device,  and, 
after  it  has  passed  through  it  and  pro- 
duced its  peculiar  effects,  to  lead  it  back 
again  to  the  south  pole  of  the  source 
which  it  enters. 

(4).  A  switching  device  provided 
for  opening  or  closing  the  circuit  at  any 
convenient  point. 

In  order  to  simplify  this  idea,  we  may 
correctly  regard  any  electric  circuit  or 
series  of  circuits,   no  matter  how   com- 


plicated, as  a  single  circuit  consisting 
of  an  electric  source  or  generator  (G), 
Fig.  3,  an  arc  lamp  (L),  conductors 
(CC),  and  a  switch   (S). 

It  should  be  mentioned  here  that  a 
practical  system  of  electric  arc  lighting 
would  never  employ  a  single  generator 
(G)  to  feed  or  supply  the  current  to  a 
single  lamp  (L).  In  actual  practice 
from  60  to  120  arc  lights,  more  or  less, 
would  be  fed  by  a  single  dynamo.  Nor 
is  it  to  be  understood  that  a  series  of 
separate  conductors,  corresponding  to 
(CC),  must  connect  each  lamp  with 
the  generator.  We  have  shown  the  con- 
nection of  a  single  lamp  to  the  circuit 
merely  for  the  purpose  of  illustrating 
one  of  the  ways  in  which  a  path  or  cir- 
cuit may  be  provided  for  an  electric 
generator  and  a  single  receptive  device. 

Supposing  now  that  in  the  above 
diagram     (  +  )     represents    the    positive 
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FIG.    3.     A    SIMPLE    ELECTRIC    CIRCUIT. 

pole  of  the  electric  source  or  generator, 
that  is,  the  pole  or  terminal  at  which  the 
electricity  leaves  the  generator  on  its 
way  to  the  electro-receptive  device,  and 
that  ( — )  represents  the  negative  pole 
or  terminal,  through  which  the  current 
is  led  back  to  the  source  after  it  has 
passed  through  the  electro-receptive  de- 
vice. Then  the  path  or  circuit  traversed 
by  the  current  when  the  switch  (S)  is 
closed,  will,  as  indicated  by  the  arrows. 
be  as  follows :  Leaving  the  generator 
(G)  at  (+)  the  current  flows  through 
the  conductor  (O  to  the  upper  carbon 
of  the  arc  lamp,  thence  through  the 
space  occupied  by  the  carbon  arc  or 
luminous  portion  of  the  lamp,  through 
the  lower  carbon,  and  thence  through 
the  conductor  (C)  to  the  negative  pole, 
where  it  again  enters  the  generator. 

The    object    of    producing    electricity  > 
is    to    cause   it   to   pass    through    electro- 
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receptive  devices  so  as  to  obtain  from 
them  some  desired  effect,  such  as  light, 
in  the  case  of  an  incandescent  or  arc 
lamp ;  magnetism,  in  the  case  of  an  elec- 
tro-magnet; heat,  in  the  case  of  an  elec- 
tric heater ;  mechanical  motion,  in  the 
case  of  a  motor  or  an  electric  bell ;  etc. 
When,  therefore,  one  familiarizes  him- 
self with  the  elements  of  the  simple 
electric  circuit  that  is  represented  in  Fig. 
3,  he  has  covered  an  important  part  of 
electricity  at  actual  work.  Already, 
therefore,  the  bewildering  complexity  of 
electricity  as  it  appeared  to  the  mind  of 
the  reader,  as  in  imagination  he  took  a 
stroll  with  me  along  "The  Great  White 
Way,"  or  elsewhere,  should  be  decreas- 
ing. In  order  that  any  of  the  effects 
then  witnessed  shall  have  been  produced 
it  is  only  necessary  to  provide  an  elec- 
tric source  for  generating  electricity, 
and  starting  it  out  on  its  way  through  a 
conducting  path  or  circuit,  thence 
through  an  electro-receptive  device  and 
back  again  to  the  source.  While  it  is 
true  that  in  many  cases  the  circuits  are 
necessarily  of  great  complexity,  owing 
to  the  great  number  of  receptive  devices 
connected  with  the  source,  or  owing  to 
other  causes,  yet  no  matter  how  com- 
plex, such  a  circuit  can  readily  be  di- 
vided into  a  number  of  separate  circuits, 
each  of  which  is  correctly  represented 
by  the  simple  electric  circuit  of  the  pre- 
ceding figure,  and  the  same  thing  is 
true  of  the  far  more  highly  complex 
circuits  that  lead  into  and  out  of  a  cen- 
tral telephonic   exchange. 

A  difficulty  may  possibly  exist  in  the 
minds  of  some  of  my  readers  as  to  the 
exact  meaning  of  the  word  circuit. 
Some  may  think  that  the  word  circuit 
necessarily  implies  the  idea  of  a  circular 
path,  and  that  the  current  on  leaving 
the  generator  passes  through  the  wires 
connecting  it  with  the  receptive  device, 
and  returns  to  the  source  in  the  path 
represented  in  Fig.  4,  where,  as  before, 
(G)  represents  the  generator,  (S)  the 
switch,  (L)  the  arc  lamp,  and  (C)  and 
(C)  the  circuit  wires. 

Now,  in  point  of  fact,  while,  in  the 
case  of  electro-magnets,  the  electric  cir- 
cuit actually  takes  true  circular  paths 
through  the  successive  loops  of  the 
magnetizing  coils,  yet  in  nearly  all  other 
practical   circuits  the  path  taken   differs 


markedly  from  that  of  a  circle.  Some- 
times, as  in  Fig.  5,  this  path  is  exceed- 
ingly irregular,  the  conducting  wire  ab- 
ruptly changing  its  direction  at  a  num- 
ber of  points. 

Generally  speaking,  there  is  no  reason 
for  such  an  irregular  circuit,  except  in 
cases  where  a  number  of  separate  arc 
lamps,  call  bells,  telegraphic  sounders, 
etc.,  are  placed  in  a  single  circuit.  Here 
the  shape  of  the  circuit  is  necessarily 
dependent  on  the  position  of  the  sepa- 
rate receptive  devices. 

At  other  times  the  simple  circuit  takes 
the  form  shown  in  Fig.  6,  where  two 
straight  wires  are  parallel  to  each  other 
with  an  electro-receptive  device  placed 
as  shown. 

But  no  matter  what  the  shape  of  the 
circuits  above  mentioned,  for,  from  an 
electric  standpoint  they  form  the  same 
kind  of  circuits,  it  is  a  comparatively 
easy  matter  to  calculate  the  amount  of 
current  that  would  flow  through  them. 

When,  bv   the  action  of  a  switch,  or 


FIG.    4.     A    CIRCUIT    IS    NOT    NECESSARILY 
ROUND    LIKE    THIS. 


in  any  other  way,  an  electric  circuit  is 
opened  at  any  point,  so  that  a  conduct- 
ing path  is  no  longer  provided  for  the 
current,  the  circuit  is  said  to  be  open, 
broken  or  disconnected.  When  the 
break  is  closed  or  bridged  over,  the  cir- 
cuit is  said  to  be  made,  completed  or 
closed.  Various  devices  are  provided 
for    opening    and    closing    electric    cir- 
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cuits.     Such  devices  are  generally  called 
switches. 

Electricity  is  capable  of  passing 
through  conducting  paths  with  such  al- 
most inconceivable  velocity,  that  when  a 
circuit  is  closed,  the  electricity  almost 
instantly  appears  in  all  parts  of  the  cir- 
cuit, even  though  it  be  hundreds  or 
thousands  of  miles  in  length.  In  the 
same  way,  on  the  opening  or  breaking 
of  a  circuit,  the  electricity  almost  im- 
mediatelv    ceases    to    flow.     As  is  well 


FIG.    5.     CIRCUITS   ARE    SOMETIMES    IR- 
REGULAR   LIKE     THIS. 

known,  it  is  on  this  peculiarity  of  elec- 
tricity that  the  operation  of  the  tele- 
graph, the  telephone,  call  bells,  annun- 
ciators and  burglar  and  fire  alarms,  is 
dependent. 

Having  thus  briefly  described  a  sim- 
ple electric  circuit,  let  us  now  inquire  as 
to  the  conditions  that  determine  the 
strength  of  the  current,  or  the  amount 
or  quantity  of  electricity  that  flows 
through  it  in  a  given  time,  such  as  one 
second. 

While  the  rules  for  determining  the 
current  flow  in  any  circuit  are  some- 
times complex,  and  give  no  little  trou- 
ble to  students,  yet,  generally  speaking, 
they  are  quite  simple,  as  I  hope  to  be 
able  to  prove.  The  quantity  of  elec- 
tricity that  flows  through  any  circuit 
under  given  conditions  is  generally  de- 
termined by  what  is  known  as  Ohm's 
law.  This  law  simply  stated  is  as  fol- 
lows : 

The  quantity  of  electricity  passing  in 
a  given  time  through  any  circuit  de- 
pends on  the  pressure  or  force  that 
causes  the   electricity   to    How,   and    the 


resistance  the  circuit  offers  to  its  pas- 
sage or  flow.  The  greater  the  pressure 
of  the  electric  source,  and  the  less  the 
resistance  of  the  circuit,  the  greater  is 
the  quantity  of  electricity  that  will  pass. 

The  pressure  that  causes  electric  cur- 
rents to  pass  through  a  circuit  is  called 
the  electromotive  force,  or  the  force 
which  sets  electricity  in  motion.  Elec- 
tromotive force  is  generally  represented 
by  the  letters  E.  M.  F.,  or  simply  by  the 
letter  E. 

Whatever  resists  or  opposes  the  flow 
of  electricity  is  known  as  the  electric  re- 
sistance. 

Ohm's   law,  therefore,  may  be  repre- 
sented  in  simple  arithmetic  as   follows : 
electromotive  force 

Electric  current  = 

electric  resistance 

This  simply  means  that  in  order  to  in- 
crease the  quantity  of  electricity  flowing 
through  any  circuit  when  the  same 
source  is  employed,  the  resistance  of  the 
circuit  must  be  decreased,  or,  if  the  re- 
sistance is  to  remain  the  same,  the  elec- 
tromotive force  of  the  source  must  be 
increased. 

Therefore,  in  order  to  cause  twice  the 
current  strength  to  pass  through  a  given 
circuit,  it  is  only  necessary  to  employ  a 
source  producing  twice  the  electromotive 
force,  or  to  so  arrange  the  circuit  as  to 
halve  its  resistance. 

The  electromotive  force  of  a  dynamo 
can  generally  be  increased  by  driving  the 
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FIG.     6.     A     FORM    ELECTRIC     CIRC  CITS 
OFTEN    TAKE. 

machine  at  a  greater  speed.  In  the  case 
of  a  voltaic  battery,  it  can  be  increased 
by  employing  a  greater  number  of  bat- 
tery cells  connected  in  a  certain  manner. 
In  the  case  of  the  conducting  wires,  the 
resistance  may  be  decreased  by  employ- 
ing shorter,  thicker  wires,  or,  in  the  case 
of  an  iron  telegraph  circuit,  by  employ- 
ing a  copper  wire  instead.  It  is  possi- 
ble, therefore,  in  the  case  of  anv  electric 
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circuit  to  greatly  vary  the  current  of 
electricity  that  can  be  sent  through  it. 

In  some  respects  the  flow  of  electric- 
ity through  a  wire  closely  resembles  the 
flow  of  water  or  gas  through  a  pipe. 
Indeed,  the  distribution  of  water  or  gas 
through  the  pipes  of  a  great  city  is  in 
many  respects  similar  to  the  distribution 
of  electricity.  In  the  case  of  the  dis- 
tribution of  water,  a  pump,  or  other 
means,  supplies  water  to  a  reservoir  at 
a  higher  level  than  that  of  the  pipes  con- 
nected to  it.  The  difference  of  level 
between  the  surface  of  the  water  in 
the  reservoir,  and  that  of  the  outlet  pipe, 
produces  a  pressure  that  may  be  called 
a  "water-motive"  force,  that  is,  a  force 
that  tends  to  set  water  in  motion  through 
a  pipe,  just  as  the  electromotive  force  is 
the  force  that  tends  to  set  electricity  in 
motion  through  a  wire.  It  is,  of  course, 
self-evident  that  the  greater  the  value  of 
the  water-motive  force,  or  the  water 
pressure,  the  greater  will  be  the  quan- 
tity of  water  that  can  be  forced  through 
a  pipe. 

There  are  evidently  two  other  condi- 
tions that  will  affect  the  total  quantity 
of  water  passing,  that  is,  the  number 
of  gallons  per  minute  or  the  number 
of  cubic  feet  per  minute.  The  larger  the 
pipe  that  is  connected  with  the  reservoir, 
the  greater  will  be  the  flow  of  water 
through  it,  since  evidently  a  circular 
pipe,  one  foot  in  diameter,  will  be  able 
to  carry  a  much  greater  quantity  of 
water  per  second  than  a  circular  pipe, 
one  inch  in  diameter. 

Moreover,  the  quantity  of  water  pass- 
ing through  a  pipe  is  affected  by  the 
resistance  the  pipe  offers  to  its  flow. 
Generally  speaking,  a  straight  pipe, 
twice  as  long  as  another  straight  pipe, 
will  offer  twice  as  much-  resistance  to 
the  passage  of  water.  Then,  too,  sud- 
den changes  in  the  direction  of  the  pipe 
will  also  greatly  affect  the  quantity  of 
water  passing. 

What  has  here  been  said  concerning 
the  passage  of  water  through  a  pipe  is 
also  true  of  the  passage  of  gas  through 
a  pipe.  The  pressure  causing  the  mo- 
tion of  the  gas,  which  may  be  called  the 
gas-motive  force,  is  generally  produced 
by  the  weight  of  the  gas  holder  or  the 
vessel  in  which  the  gas  is  stored.  The 
quantity  of  gas  which  flows  through  the 


pipe  is  determined  by  the  size  of  the 
pipe,  by  its  length,  and  by  the  character 
and  number  of  its  bends. 

Now  in  the  case  of  an  electric  circuit, 
there  are  similar  conditions  that  affect 
the  quantity  of  electricity  that  passes. 
Where  the  same  material  is  employed, 
the  thickness  of  the  conductor  corre- 
sponds to  the  diameter  of  the  pipe,  and 
the  length  of  the  conductor  to  the  length 
of  the  pipe.  It  is  generally  a  simple 
matter  to  determine  the  value  of  the 
electric  resistance  offered  by  a  circuit, 
and  it  is  also  easy  to  measure  by  a  suit- 
able instrument  such  as  a  voltmeter,  the 
electromotive  force  of  the  source.  When 
these  two  quantities  are  known,  it  is 
only  necessary  to  divide  the  electro- 
motive force  of  the  source  by  the  elec- 
tric resistance  of  the  circuit,  to  deter- 
mine the  quantity  of  electricity  that 
passes. 

(To  Be  Continued.) 


ELECTRIC  FOUNTAIN  CENTER 
PIECE. 

Electric  fountain  center  pieces  for 
banquet  tables  make  a  very  effective  and 
artistic  form  of  decoration.  The  elec- 
tric fountain  shown  herewith  is  self-con- 


ELECTRIC    FOUNTAIN    CENTER    PIECE. 
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tained  and  does  not  need  to  be  connect- 
ed to  any  source  of  water  supply,  as  the 
water  necessary  for  its  operation  is  con- 
tained in  the  fountain  itself  and  is  used 
over  and  over  again. 

There  is  a  small  electric  lamp  in  the 
upper  glass  portion  which  illuminates 
that  part  of  the  fountain  and  also  the 
water  jets  which  are  continually  playing. 
Inside  the  glass  portion  there  is  a  hori- 
zontal jet  of  water  which  causes  the 
glass  to  revolve  on  a  pivoted  base.  This 
produces  a  very  pleasing  moving  effect 
and  variety  of  colors,  which  are  the 
chief  beauties  of  the  fountain. 

The  water  is  kept  in  movement  by  a 
small  motor-driven  centrifugal  pump  in 
the  base  of  the  fountain.  Very  little  ex- 
pense is  connected  with  the  operation. 
The  motor  is  simply  attached  to  an  elec- 
tric light  fixture  or  other  outlet  by  a 
flexible  cord,  and  the  current  consump- 
tion is  no  more  than  that  of  two  ordi- 
nary incandescent  lamps. 


ELECTRICAL  SCHOOL  PRO- 
GRAMME TRANSMITTER 

A  valuable  accessory  for  indicating 
and  controlling  the  daily  routine  of  a 
school  is  the  Stamford  clock  program 
transmitter.  This  device  will  ring  auto- 
matically all  clock  signals  and  corridor 
and  outside  gongs  from  day  to  day.  The 
arrangement  of  the  program  is  shifted 
automatically  on  the  proper  days,  and  all 
signals  may  be  silenced  on  Saturday  and 
Sunday,  thus  saving  battery  power. 
When  arranged  for  factory  use,  the  sig- 
nals may  also  be  silenced  on  Sunday 
only. 

Various  signals  are  controlled  by  this 
device  through  the  agency  of  a  per- 
forated band  of  paper,  which  travels  con- 
tinuously over  a  set  of  pulleys  controlled 
by  clock  work,  as  shown  in  Fig.  I.  As 
the  paper  strip  passes  over  the  pulleys 
the  metallic  pointers  shown  at  the  top  in 
Fig.  i,  travel  over  its  surface,  and  when- 
ever a  perforation  on  the  strip  moves 
under  one  of  the  pointers  the  latter 
passes  through  the  strip  and  makes  elec- 
trical contact,  thereby  closing  an  elec- 
trical circuit  which  rings  the  proper  gong 
or  alarm  at  the  proper  time. 


FIG.   1.     ELECTRICAL  PROGRAMME   TRANS- 
MITTER. 


The  perforations  are  made  in  the  strip 
at  intervals  by  a  hand  punch,  and  there 
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FIG.   2.     PROGRAMME  TAPE. 

is  no  limit  to  the  number  of  signals  that 
can  be  made  with  one  strip.  Fig.  2  shows 
a  section  of  the  programme  tape. 


TELEPHONE  AIDS  SMOKE  INSPECTOR. 

Paul  P.  Bird,  chief  smoke  inspector 
of  Chicago,  has  planned  several  conning 
towers  equipped  with  telephones  and 
located  on  a  number  of  high  buildings 
in  the  Loop  as  an  aid  to  the  abatement 
of  smoke  nuisance.  If  a  chimney  is 
seen  smoking,  says  the  Western  Elec- 
trician, the  lookout  calls  up  the  engineer 
of  the  building  and  tells  him  to  remedy 
the  fault  at  once.  Formerly  offenders 
were  notified  by  mail,  but  this  was  not 
so   effective   as   the   telephone    plan. 


TRANSMISSION  OF  NIAGARA'S  POWER. 


DEVELOPMENT  of  the  power  of 
Niagara  Falls  is  a  subject  which 
has  held  the  attention  of  engi- 
neers the  world  over  since  the  begin- 
ning of  the  first  plant.  Much  of  this 
power  is  now  utilized  on  the  spot,  in  the 
various  industries  that  have  sprung  up 
like  magic  on  both  the  American  and 
Canadian  sides.  It  was  early  recog- 
nized, however,  that  to  obtain  the   full 


limits  of  practical  transmission.  This 
led  to  the  organization  of  the  Niagara, 
Lockport  and  Ontario  Power  Company, 
a  company  which  buys  the  power  from 
the  generating  plants,  transmits  it  over 
transmission  lines  of  great  length  and 
sells  it  again  to  consumers  located  along 
these  lines.  The  work  which  this  com- 
pany has  undertaken  is  intensely  inter- 
esting,   and    the    features    of    the    great 


FIG.    1.     ELECTRIC    CABLES    ACROSS     NIAGARA   RIVER. 


benefit  of  this  almost  unlimited  source 
of  energy  it  would  be  necessary  to  pro- 
vide means  for  the  transmission  of  the 
electrical  power  far  and  wide  to  the 
numerous    cities    which    are    within    the 


transmission  lines,  over  which  180,000 
horsepower  will  eventually  be  carried 
are  of  interest  even  to  those  outside  of 
the   engineering  profession. 

Mr.  Ralph  D.  Mershon,  chief  engineer 
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of  the  Niagara,  Lockport  and  Ontario 
Power  Company,  presented  a  paper  on 
June  26,  1907,  before  the  American  In- 
stitute of  Electrical  Engineers,  which 
gives  in  detail  the  features  of  this  re- 
markable undertaking  and  from  which 
the  following  facts  were  taken. 

At  present  the  Niagara,  Lockport  and 
Ontario  company  owns  a  private  right 
of  way  varying  from  75  to  300  feet 
wide,  reaching  from  Niagara  Falls  to 
Syracuse,  N.  Y.,  and  taking  in  the  cit- 
ies   of    Lockport,    Mortimer,    Rochester 


absolutely  certain  that  no  discontinu- 
ance of  service  shall  come  about  through 
failure  of  a  line. 

Power  is  brought  across  the  Niagara 
River  by  means  of  aerial  cables  span- 
ning the  river,  as  shown  in  Fig.  1,  and 
delivery  of  the  power  is  taken  by  the 
transmission  company  at  the  interna- 
tional boundary  line.  The  cables  are 
brought  across  the  river  in  three  spans, 
one  span  from  steel  cantilevers  at  the 
top  of  the  cliff  on  the  Canadian  side  to 
steel  towers  at  the  water's  edge  on  the 


FIG'.     2.     TRIPOD    TOWERS     FOR    TRANSMISSION    LINES. 


and   Fairport.     There  is  also  a   line  ex-  Canadian    side :   another    span    from    the 

tending  to   Buffalo.  water-edge  towers  on  the  Canadian  side 

The   transmission   lines    will   all   be    in  to   the   corresponding      towers      on      the. 

duplicate,  as   fast   as   completed,   making  American    side :   and    a    third   span    from 
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the    steel     water-edge     towers     on     the 
American  side  to  steel  cantilevers  at  the 
top  of  the  cliff  on  the  American  side. 
The    steel    cantilevers    and    the    river 


FIG. 


3.     TOP    OF    TOWER,    SHOWING 
INSULATORS. 


edge  towers  are  all  designed  to  with- 
stand the  most  extreme  conditions  of 
sleet  and  wind  that  will  probably  ever 
exist.  The  requisite  mechanical  strength 
of  the  insulation  at  the  points  where  the 
cables  are  attached  to  the  steel  struc- 
tures is  obtained  by  using  a  sufficient 
number  of  line  insulators,  and  the  prop- 
er distribution  amongst  these  insulators 
of  the  forces  which  will  come  upon 
them  is  effected  by  means  of  malleable 
cast-iron  caps  cemented  to  the  tops  of 
the  insulators  and  to  which  the  cables 
are  fastened. 

The  transmission  lines  throughout  are 
of  the  most  substantial  construction. 
The  first  towers  installed  were  of  the 
steel  tripod  type  as  shown  in  Fig.  2, 
made  of  lap-welded  pipe.  The  latest 
form  the  tower  employed  is  of  struc- 
tural steel  as  shown  in  Fig.  3.  This 
view  also  shows  the  method  of  mount- 
ing the  great  porcelain  petticoat  insu- 
lators, each  of  which  is  nearly  two  feet 
in  height.  The  cables  which  these  in- 
sulators support  carry  electrical  current 


of  60,000  volts  pressure,  and  they  must 
consequently  be  exceptionally  strong 
from  an  electrical  as  well  as  a  mechani- 
cal   standpoint. 

The  steel  towers,  which  are  75  feet 
high,  are  mounted  on  foundations  of  re- 
inforced concrete  and  are  capable  of 
withstanding  the  transverse  forces  which 
would  be  brought  upon  them  were  the 
wires  covered  with  a  layer  of  ice  half 
an  inch  thick  and  with  a  cross  wind 
blowing  at  the  rate  of  75  miles  an  hour. 

In  a  number  of  places  on  the  main 
line  it  was  necessary  to  cross  the  Monte- 
zuma Marsh.  Where  this  marsh  was 
crossed  with  steel  tower  construction, 
the  concrete  foundations  for  the  steel 
towers  were  built  by  first  excavating  the 
swamp  through  the  soft  mud  until  the 
soft  marl,  forming  the  sub-stratum  of 
the  swamp,  was  reached.  On  the  marl 
was  laid  a  platform  of  two  layers  of 
corduroy,  and  on  this  platform  was  built 
the  concrete  foundations,  the  weight  of 
which  was  made  sufficient  to  take  care 
of  any  uplift  which  will  come  upon  the 
towers. 

There  are  three  wires  carried  by  each 
tower,  constituting  what  is  known  as  a 
three  phase  line.  The  cables  of  this 
line  are  made  of  aluminum  strands,  the 
largest   sizes   containing   19   strands  and 


FIG.    4.      RAISING  A   TOWER. 

having  a  cross  sectional  area  of  642,800 
circular  mils,  a  circular  mil  being  the 
area  of  a  circle  whose  diameter  is  one 
one-thousandth  of  an  inch. 

The  construction  of  this  line  was  a 
difficult  piece  of  work.  The  towers 
were  transported  in  parts  to  the  points 
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where  they  were  to  be  erected.  Here 
they  were  assembled  and  then  raised  in 
the  same  manner  that  a  wind  mill  tower 
is  raised.  Fig.  4  shows  the  raising  of  a 
tower. 

Fig.  5  is  a  view  showing  how  a  joint 
is  made  in  the  big  aluminum  cable.  The 
ends  of  the  cable  are  slipped  into  two 
parallel  tubes  and  then  tubes  and  cable 
are  twisted  until  a  perfect  electrical  and 
mechanical  joint  is  made. 


are   in  this   way   kept   in   constant   com- 
munication  with   headquarters. 


FIG.  5.     SPLICING   THE  ALUMINUM  CABLE. 

A  long  transmission  line  of  this  char- 
acter needs  careful  attention  owing  to 
the  fact,  that,  though  located  75  feet  in 
the  air,  it  has  its  vulnerable  points,  not 
the  least  of  which  are  the  porcelain  in- 
sulators which  offer  such  enticing  marks 
to  the  small  boy  with  a  rifle.  On  a  con- 
siderable portion  of  the  company's  right 
of  way  is  a  wagon  road  for  use  in  pa- 
trolling the  line  and  delivering  ma- 
terials for  construction  or  repair.  At 
certain  points  along  the  line  are  patrol 
houses  for  storing  material,  for  taking 
care  of  horses  and  for  comfortably 
housing  the  patrolmen.  Each  house  has 
its  sleeping  room,  kitchen  and  sitting 
room. 

On  all  of  the  transmission  lines,  the 
company  maintains  a  private  telephone 
line  on  a  separate  set  of  wooden  poles. 
Taps  from  this  line  are  brought  into  all 
the  patrol  houses,  and  in  addition  the 
patrolmen  are  provided  with  portable 
telephone  sets  which  may  be  connected 
to  the  telephone  line  at  any  point.    They 


A  WORD  OF  WARNING. 

Temptation  to  alight  backwards  from 
a  street  car  while  it  is  still  moving, 
seems  almost  too  strong  to  overcome,  in 
spite  'of  the  many  warnings  that  have 
been  given.  Street  car  companies  find 
that  a  very  large  percentage  of  accidents 
result  from  this  one  form  of  careless- 
ness. 

The  Milwaukee  Electric  Railway  and 
Light  Company  has  devoted  one  page 
of  its  time  table  to  this  subject,  and  the 
page  is  reproduced  herewith,  to  empha- 
size the  warning  that  has  so  often  been 
given  but  which  is  so  often  disregarded. 


Avoid  Accidents 


SAFE 


UNSAFE 


Do  Not  Board  or  Leave  Car  While  It 
is  In  Motion. 

When  alighting  from  car,  grasp  hand  hold 
with  left  hand  and  face  in  direction  car  is 
headed.  Where  the  doors  on  the  lett  side 
of  car  are  open,  grasp  hand  hold  with 
right  hand  and  alight,  facing  forward. 

In  boarding,  grasp  hand  hold  toward 
front  of  car  before  stepping  up. 

Before  alighting,  see  that  no  vehicle  is 
passing,  to  collide  with  or  run  into  you. 

Before  passing    around  rear    of   oar  see 
that  no  car  is  approaching  from  opp   - 
direction. 

Destroy  All  Previous  Time  Tables. 


HOW  THE  TIME  BALL  IS  DROPPED 


FEW  people  realize  the  extent  of 
the  time  service  which  the  govern- 
ment now  furnishes,  with  the  co- 
operation of  the  telegraph  companies,  to 
all  parts  of  the  United  States  as  well  as 
to  Havana  and  Panama.  Among  the 
interesting  features  of  this  service  is  the 
dropping  of  nineteen  time  balls  at  the 
principal  seaports  and  ports  on  the 
Great  Lakes.  Preciselv  at  the  hour  of 
noon  these  balls  are  dropped  in  plain 
sight  of  vessels  off  these  ports,  and  the 
mariner    is    therebv    enabled    to    correct 


those  who  have  noted  this  occurrence 
may  not  be  aware  that  the  dropping  of 
the  ball  is  controlled  by  apparatus  locat- 
ed in  the  Federal  Building  some  blocks 
away,  which  in  turn  is  controlled  over 
the  telegraph  lines  from  Washington, 
D.  C.  Yet  this  is  the  case,  and  the  ball 
drops  every  day  at  noon  and  within  a 
very  small  fraction  of  a  second  of  va- 
riation. 

The  work  in  Chicago  is  under  the 
supervision  of  Lieutenant  W.  J.  Wilson 
of  the   Hydrographic   Bureau. 


TIME    RECORDING    PEN   IN   OPERATION. 


his  chronometer  with  absolute  accuracy 
whenever  he  is  in  one  of  the  ports  where 
this  service  is  given. 

Of  the  thousands  who  throng  State 
street  in  Chicago  at  the  hour  of  noon, 
probably  not  one  per  cent  have  ever 
happened  to  cast  their  eyes  up  at  the 
roof  of  the  Masonic  Temple  at  just  the 
right  instant  to  see  the  great  ball  on  the 
flagstaff    drop     from     sight.      Many    of 


The  method  by  which  the  ball  is 
dropped  is  a  very  interesting  one.  Five 
minutes  before  noon,  Washington  time, 
all  telegraph  circuits  are  cleared,  not 
only  for  the  time  ball  service  but  for 
transmission  of  the  correct  time  to  thou- 
sands of  points  all  over  the  country. 
Then  what  is  known  as  the  master 
clock  at  Washington  is  connected  to  the 
telegraph  lines. 
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The  master  clock  is  for  correcting  the 
clocks  at  the  various  stations  where  the 
time  service  is  given.  The  Washington 
clock  beats  off  seconds,  which  beats  are 
transmitted  over  the  wires  the  same  as 
the  dots  of  a  message  in  the  Morse  code. 
As  the  master  clock  ticks  off  the  seconds 
of  the  last  five  minutes  before  noon  the 
twenty-ninth  beat  of  each  minute  is 
omitted,  the  last  five  beats  of  each  of  the 
first  four  minutes  and  the  last  ten  beats 
of  the  fifth  minute.  The  beats  as  they 
are  transmitted  over  the  wire  are  regis- 
tered at  the  Chicago  station  and  other 
stations  in  the  service  by  a  pen  on  a 
moving  strip  of  paper  much  as  the  first 
telegraph  messages  were  recorded  be- 
fore it  became  common  practice  to  read 
them  by  ear.  The  pen  moves  over  the 
strip  of  paper,  which  is  actuated  by 
clockwork.  As  the  beat  comes  over  the 
wire  it  actuates  an  electromagnet,  which 
gives  the  pen  a  pull  and  makes  a  sharp 
jog  in  the  line  every  second  except 
when  the  beats  are  omitted  as  stated 
above.  Here  then  is  a  complete  record 
of  the  300  seconds  before  noon  as  beat 
off  by  the  master  clock. 

At  the  receiving  station  there  is  the 
local  clock,  which  is  also  made  to  tick 
off  the  seconds  in  the  same  manner  as 
the  master  clock  and  register  them  on 
the  same  strip  of  paper  in  the  same  man- 
ner. The  marks  made  by  the  local  clock 
are,  however,  of  a  different  shape  from 
those  made  by  the  master  clock,  so  by 
comparing  the  two  records  on  the  paper 
strip  it  may  be  seen  at  a  glance  whether 
the  local  clock  is  a  half,  a  quarter,  a 
fifth  or  any  other  fraction  of  a  second 
off — the  ends  of  the  minutes  as  record- 
ed by  the  master  clock  being  readily 
noticeable  on  the  record  by  the  failure 
of  the  five  beats  and  consequent  failure 
to  record  on  the  strip. 

In  the  above  manner  it  is  therefore 
possible  absolutely  to  check  the  local 
clock.  As  it  is  only  n  o'clock  in  Chi- 
cago when  it  is  noon  in  Washington 
there  is  ample  time  after  checking  the 
local  clock  to  get  ready  for  dropping  the 
ball  at  noon.  Anywhere  within  the 
bounds  of  eastern  time,  however,  the 
signals  from  the  master  clock  would 
come  in  just  before  noon,  and  it  would 
be  necessary  to  throw  the  circuit  for 
dropping  the  ball  in  upon  the  time  cir- 


cuit during  the  ten-second  interval  in 
the  beats  that  occur  at  the  end  of  the 
last  minute. 

The  time  ball  on  the  roof  of  the  Ma- 
sonic Temple  is  4  feet  10  inches  in  diam- 
eter and  weighs  150  pounds.  It  is  hol- 
low and  slides  up  and  down  on  a  32- 
foot  steel  pole.  When  raised  to  its  high- 
est position  the  ball  is  342  feet  above  the 
level  of  Lake  Michigan.  The  ball  is 
raised  by  a  rope  and  drum  operated  by 


TIME   BALL    OX    MASONIC    TEMPLE. 

a  motor.  It  is  then  held  by  a  catch. 
which  is  in  turn  controlled  by  an  electro- 
magnet in  circuit  with  the  local  time 
clock  in  the  Federal  Building,  which 
clock  has  been  checked  an  hour  pre- 
vious as  described.  This  local  clock- 
ticks  off  the  seconds  before  noon  as  in 
the  case  of  the  master  clock  at  Wash- 
ington. During  the  ten-second  pause 
before  noon,  Chicago  time,  the  ball  is 
hoisted  and  then  the  last  second  before 
12  the  clock  gives  a  final  tick,  the  im- 
pulse is  transmitted  over  the  wire,  the 
electromagnet  is  released  and  the  ball 
drops.  Every  captain  of  a  lake  steamer 
within  sight  of  the  ball  then  knows  that 
the  hour  of  noon  has  been  indicated  as 
accurately  as  is  within  the  power  of  sci- 
ence and  human  ingenuity,  and  he  sets 
his   chronometer   accordingly. 
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HOUSE  WITHOUT  A  CHIMNEY 

A  house  without  a  chimney,  in  other 
words,  a  fireless,  smokeless  house,  is  en- 
tirely in  sympathy  with  twentieth  century 
ideas.  Such  a  house  has  been  erected  in 
Carrollton,  111.,  by  Mr.  F.  M.  Sinsa- 
baugh,  manager  of  the  Carrollton  Heat, 
Light  and  Power  Company.  In  this 
unique  residence  there  will  not  be  a  stove, 
furnace  or  flue  of  any  description.  Heat- 
ing will  be  done  by  steam,  piped  from  the 
lighting  company's  plant,  which  is  lo- 
cated at  no  great  distance.  Cooking  will 
be  done  exclusively  by  electricity,  and  of 
course  electric  lights  will  be  used. 

The  residence  is  34  by  30  feet,  with 
two  stories,  attic  and  basement.  The  ar- 
chitecture is  of  the  plain  substantial  mis- 


seven  switches.  The  cost  of  current  for 
cooking  for  a  family  of  five  persons  is 
estimated  at  $4.50  a  month,  the  prevail- 
ing rate  for  electric  current  at  Carrollton 
being  five  cents  per  kilowatt-hour. 

Mr.  Sinsabaugh  has  expressed  in  a 
practical  way,  his  faith  in  the  ability  of 
the  plant  to  keep  his  household  comfort- 
able and  cook  his  meals.  To  build  a 
chimneyless  house  is  the  strongest  pos- 
sible expression  of  this  confidence. 


TELEPHONE  AIDS  ORCHESTRA. 

A  new  use  has  been  discovered  for 
the  telephone,  which  is  the  maintenance 
of  pitch  and  rhythm  between  an  orchestra 
and  trumpeters  located  behind  the  stage. 


HOUSE    WITHOUT    A    CHIMNEY 


sion  style  and  the  construction  material 
cement  blocks. 

In  the  kitchen  no  range  is  visible,  its 
place  is  taken  by  a  compact  electric  cook- 
ing cabinet.  This  is  fitted  with  two  elec- 
tric lights,  a  two-quart  cereal  cooker, 
four-quart  teakettle,  coffee  percolater, 
ten-inch  frying  pan,  broiler,  griddle  and 
four-quart  vegetable  cooker,  all  of  alumi- 
num ware.  There  is  also  an  electrically 
heated  oven  for  baking.  Current  for 
heating   these    utensils    is    controlled   by 


The  telephone  was  used  in  this  manner 
recently  when  the  Boston  Symphony 
Orchestra  was  giving  a  concert  in  New 
York.  A  telephone  was  placed  in  the 
trumpeters'  quarters  in  the  rear  of  the 
stage,  the  receiver  being  fitted  with  a 
large  megaphone.  In  the  same  manner 
a  megaphone  was  placed  over  the  trans- 
mitter of  another  telephone  located  near 
the  main  orchestra,  to  collect  the  sounds. 
By  this  arrangement  perfect  pitch  and 
rhythm  were  secured. 


ELECTRICITY    IN    MEDICINE. 


BY   OTTO    JUETTNER,    M.    D. 
PART   I. 


PH.    D. 


THE  last  few  decades  have  wit- 
nessed the  wonderful  develop- 
ment of  electricity.  From  the 
mere  plaything  of  hardly  more  than  fifty 
years  ago  that  subtle  form  of  physical 
energy  has  developed  and  grown  into 
an  agent  of  still  increasing  power  and 
usefulness  in  almost  every  line  of  human 
activity.  It  has  invaded  the  domain  of 
medical  practice  and  has  unfolded  to 
the  investigating  eye  and  mind  of  the 
physician  new  and  wonderful  possibili- 
ties in  the  interests  of  human  health. 
The  announcement  of  the  discovery  of  a 
hitherto  unsuspected  form  of  energy 
emanating  from  vacuum-tubes  of  special 
construction  (X-ray  or  Roentgen-ray) 
a  few  years  ago  gave  a  tremendous  im- 
petus to  the  study  of  electricity  in  its 
relation  to  medicine,  until  we  finally  have 
reached  a  point  where  electricity  is  a 
necessary  and  indispensable  part  of  the 
modern  physician's  work. 

The  doctor  of  to-day  uses  various 
forms  of  electrical  energy  in  the  study, 
treatment  and  cure  of  disease.  Much 
has  already  been  accomplished  in  the 
elaboration  of  this  subject,  and  yet  the 
promises  of  the  future  seem  even  great- 
er than  the  achievements  of  the  recent 
past.  In  presenting  this  series  of  articles 
on  "Electricity  in  Medicine"  my  object 
is  to  give  a  practical  resume  of  our 
knowledge  of  the  subject  and  enable  the 
reader  to  form  an  intelligent  opinion 
concerning  the  uses  and  particularly  the 
abuses  of  electricity  in  the  treatment  of 
disease ;  to  point  out  to  the  mind  of  the 
conscientious  physician  the  landmarks 
of  the  subject  as  revealed  by  the  re- 
searches and  experience  of  masters  in 
electro-therapeutic  art,  and  to  educate 
the  lay  mind  in  the  proper  estimation  of 
the  legitimate  electro-therapeutic  work 
of  the  physician  as  distinct  from  the  ab- 
surd claims  of  the  charlatan. 

We  shall  begin  our  studies  with  the 
discussion  of  the  rudiments  and  princi- 
ples of  electricity,  as  far  as  they  concern 
the  practice  of  "electro-therapy"  (elec- 
tricity in  the  treatment  of  disease). 

Sir  Oliver  Lodge  in  his  excellent  book 


entitled  "Modern  Views  of  Electricity" 
recognizes  four  distinct  forms  or  varie- 
ties of  electrical  energy,  to-wit: 

1.  Static  Electricity  or  electricity  at 
rest.  This  form  of  electricity  is  found, 
for  instance,  in  gas-fixtures  under  cer- 
tain favorable  atmospheric  conditions 
when  it  is  possible  to  extract  it  in  the 
form  of  a  spark  by  pointing  a  finger 
close  to  the  fixture.  The  hair  of  some 
people  is  charged  with  electricity  of  this 
kind.  The  crackling  noise  which  is  dis- 
tinctly heard  when  such  a  person  combs 
his  or  her  hair  is  due  to  the  liberation 
or  discharge  of  the  electrical  force.  The 
word  "static"  is  of  Greek  origin  and 
means  "standing  still"  (electricity  at 
rest). 

2.  Current  Electricity  or  electricity 
in  motion.  The  word  "current"  is  of 
Latin  origin  and  means  "running," 
"moving"  or  "flowing."  It  refers  to 
the  supposed  motion  of  the  electrical 
force  through  or  along  a  conductor. 
The  old  physicists,  including  our  own 
Benjamin  Franklin,  compared  the  "mo- 
tion" of  electricity  to  the  motion  or  flow 
of  water  and  applied  to  it  the  term 
"current."  It  refers  to  the  kind  of  elec- 
tricity that  is  carried  by  wires  which  are. 
therefore,  known  as  conductors.  A  con- 
ductor is  any  substance  capable  of  car- 
rying or  conducting  electricity.  There 
are  good  conductors,  like  all  metallic 
substances ;  moderately  good  conductors, 
like  the  tissues  of  the  human  body,  and 
poor  conductors,  like  silk,  dry  air  and 
glass.  Substances  that  do  not  conduct 
electricity  are  known  as  non-conductors 
or  insulators. 

3.  Electro-magnetism  is  a  peculiar 
form  of  electrical  energy  and  is  some- 
times called  electricity  in  rotation.  The 
ancients  were  familiar  with  the  fact  that 
amber,  when  rubbed,  became  possessed 
of  a  peculiar  property  of  attracting  other 
bodies.  From  the  Greek  word  electron, 
meaning  amber,  the  word  electricity  is 
derived.  It  originally  meant  "a  force 
possessed  by  amber."  Dr.  Gilbert,  a 
physician  who  lived  about  200  years  ago, 
showed  that  many  other   substances,   in 
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fact  nearly  all  substances,  if  rubbed  in  a 
certain  manner,  possessed  this  force. 
We  know  now  that  if  two  substances 
are  rubbed  together  both  are  electrified 
but  not  in  the  •  same  manner.  One  be- 
comes positively  electrified  while  the 
other  is  negatively  electrified.  Sub- 
stances that  carry  similar  charges  (i.  e. 
both  positive  or  both  negative)  repel 
each  other  while  opposite  charges  at- 
tract. The  old  Grecians  called  this  pe- 
culiar manifestation  "magnetism,"  from 
the  name  of  the  Greek  province  Magne- 
sia, whose  iron  ores  were  found  to  pos- 
sess this  peculiar  property.  Electricity 
and  magnetism  -bear  a  close  relation  to 
each  other,  in  fact  they  are  only  differ- 
ent manifestations  of  one  and  the  same 
force.  The  mutual,  close  relation  of  the 
two  kinds  of  manifestation  are  well  il- 
lustrated by  the  familiar  little  induction- 
coil  of  every  Faradic  battery  of  which 
we  shall  speak  later  on.  In  this  little 
coil  the  electrical  current  produces  mag- 
netism in  the  iron  core. 

4.  Electro-radiation  is  the  phenome- 
non which  explains  the  various  forms  of 
electrical  conduction  or  transmission 
without  conductors  other  than  the  space 
intervening  between  the  generator  and 
the  receiver  of  the  energy.  Professor 
Hertz  was  the  first  physicist  who  studied 
these  invisible,  conductorless,  wireless 
forms  of  electrical  manifestation.  They 
are  named  in  his  honor  Hertzian  waves. 
The  X-rays  belong  under  this  head  and 
also  the  radiations  from  certain  sub- 
stances like  radium  that  constantly  emit 
energy  and  are,  therefore,  said  to  be 
radio-active.  The  subject  of  radio-ac- 
tivity is  of  the  greatest  importance  now- 
a-days.  Just  as  radium  possesses  and 
constantly  emits  certain  forms  of  en- 
ergy, it  is  thought  that  the  human  body 
in  its  nerve  cells  possess  a  certain  kind 
of  radiating-  energy  that  is  constantly 
given  forth  and  constitutes  what,  in  its 
visible  manifestations,  we  recognize  as 
the  life  of  the  body.  Exhaustion  of  ra- 
dio-activity means  death.  It  is  plain 
that  this  life-energy,  brain-  or  nerve- 
force  is  closely  related  to  electricity  in 
some  form  or  other.  Many  of  the  ef- 
fects of  electricity  on  the  human  body 
can  be  explained  in  this  way. 

Sir  Oliver  Lodge  did  not  add  a  fifth 
variety  of  electrical  energy  to  his  classi- 


fication   which    really    ought   to     be     in- 
cluded,  namely : 

Inductive  Electricity.  It  is  not  a  dif- 
ferent kind  of  electrical  energy  but  it 
differs  from  the  four  varieties  mentioned 
in  the  manner  of  its  production  and  is 
dependent  upon  the  existence  of  an 
electrical  charge  or  current  in  any  con- 
ductor. The  latter  is  surrounded  by  a 
sphere  of  influence  whose  diameter  de- 
pends on  the  character  of  the  charge  or 
current  carried  by  the  conductor.  This 
sphere  of  influence  is  called  the  mag- 
netic field  or  the  electro-magnetic  field 
of  the  conductor.  If  a  substance  capa- 
ble of  carrying  electrical  energy  is 
brought  near  a  conductor  actually  carry- 
ing electricity,  without,  however,  touch- 
ing this  conductor  but  close  enough  to 
invade  its  electro-magnetic  field,  the  sub- 
stance will  receive  an  electrical  charge. 
There  is  no  contact,  no  direct  conduc- 
tion. We  call  this  mode  of  generating 
electricity  induction,  and  the  energy  pro- 
duced, induced  electricity.  In  attempt- 
ing to  explain  the  phenomenon  of  induc- 
tion Benjamin  Franklin  took  it  for 
granted  that  all  bodies  in  nature  con- 
tained electrical  energy.  If  there  was 
an  excess  of  the  latter,  he  considered  the 
excessively  charged  bodies  to  be  posi- 
tively electrified.  By  bringing  an  insuf- 
ficiently (or  negatively)  charged  body 
near  the  positively  electrified  body,  the 
latter  would  incite  an  additional  charge 
in  the  former  and  the  induced  charge 
would  be  the  result.  Symmer,  another 
physicist,  assumed  that  the  electrical 
force  is  present  in  all  substances  and 
reacts  upon  irritation,  e.  g.  friction,  by 
breaking  up  into  two  forces  of  opposite 
character,  positive  and  negative.  If  an- 
other substance  is  brought  near  a  con- 
ductor, the  predominant  element,  posi- 
tive or  negative,  in  the  latter  will  at- 
tract the  opposite  element  in  the  sub- 
stance brought  near  the  conductor. 
Thus  an  electrical  manifestation  of  op- 
posite character  is  incited,  i.  e.  an  in- 
duced charge  or  current  opposite  in 
character  to  the  charge  or  current  in  the 
conductor.  Thus  the  substance  acted 
upon  becomes  a  conductor  of  an  induced 
charge  or  current.  It  is  known  as  the 
secondary  conductor  while  the  original 
conductor  is  the  primary.  The  charge 
or    current    carried    by    a    primary    con- 
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ductor  is  known  as  a  primary  charge  or 
current,  while  an  induced  charge  or  cur- 
rent is  always  called  a  secondary  charge 
or  current.  Two  familiar  examples  of 
induction  will  help  to  make  the-  subject 
clear.  If  the  inside  of  a  Leyden  jar  is 
charged  positively,  the  outside  will  re- 
ceive a  negative  charge  by  induction  and 
vice  versa.  The  outer  or  secondary 
winding  of  a  Faradic  coil  receives  its 
energy  from  the  inner  or  primary  wind- 
ing by  induction.  Both  examples  will 
be  fully  discussed  later  on.  For  the 
sake  of  completeness  let  me  add  that  the 
positive  element  is  often  called  the  anode 
while  the  negative  is  known  as  the 
cathode. 

Definition  and  explanation  of  a  few 
elementary  electrical  terms  will  serve  to 
elucidate  some  of  the  fundamental  prin- 
ciples upon  which  the  science  of  electric- 
ity rests. 

The  electroscope  is  a  simple  device 
for  the  purpose  of  determining  whether 
a  body  is  electrified.  In  its  simplest 
form  it  consists  of  two  strips  of  gold- 
leaf  suspended  together  from  the  same 
wire.  The  whole  arrangement  is  protect- 
ed by  a  glass  jar.  When  the  instrument 
is  brought  near  an  electrified  body,  the 
two  strips  of  gold-leaf  become  charged 
and  violently  diverge.  It  simply  indi- 
cates that  electrification  has  taken  place 
but  does  not  suggest  the  kind  of  elec- 
trical energy  present,  its  amount  or  its 
potential  force.  There  are  ways  and 
means  of  determining  the  quantity  and 
the  force  of  the  electrical  energy-.  Be- 
fore discussing  them  it  will  be  necessary 
to  get  a  clear  idea  of  electrical  quantity 
and  force. 

We  have  stated  previously  that  elec- 
tricity is  in  reality  a  dual  form  of  energy 
possessing  a  negative  and  a  positive 
character.  It  is  lying  dormant  through- 
out the  whole  creation.  The  two  ele- 
ments, positive  and  negative,  are  in  a 
condition  of  perfect  mutual  equipoise. 
YYhen.  under  given  favorable  conditions, 
this  perfect  equipoise  is  disturbed  and 
the  hitherto  dormant  force  becomes  an 
active  electrical  force  we  express  this 
phenomenon  by  saying  that  the  potential 
of  one  element  has  become  different 
from  the  potential  of  the  other.  The 
active  flow  or  tendency  is  from  the 
higher  potential  to  the  lower  one.     This 


is  the  direction  of  the  current.  We  call 
the  element  possessing  the  higher  poten- 
tial the  positive  pole.  The  element  pos- 
sessing the  lower  potential  is  the  nega- 
tive pole.  Thus  the  electrical  energy  or 
current  tends  from  the  positive  towards 
the  negative  element.  That  which  dis- 
turbs dormant  electricity  and  changes  it 
into  active  electrification  is  called  the 
electromotive  force.  The  relative  in- 
tensity of  this  force  is  expressed  by  the 
voltage.  By  the  voltage  of  a  current, 
therefore,  we  mean  the  degree  of  electro- 
motive force  which  disturbed  the  perfect 
potential  equipoise  of  dormant  electric- 
ity. Let  us  illustrate  this  point  by  a  per- 
tinent example. 

If  we  connect  two  vessels  of  equal 
size  and  containing  an  equal  amount  of 
water,,  by  means  of  a  pipe,,  the  water  will 
flow  through  the  pipe  if  one  vessel  is 
higher  than  the  other.  If  the  two  ves- 
sels are  on  the  same  level,  the  pressure 
is  the  same  and  no  water  will  flow.  If 
we  lower  one  vessel,  the  water  from  the 
higher  vessel  will  drain  into  it.  The 
water,  obeying  the  law  of  gravitation, 
will  seek  the  lower  level.  Let  us  apply 
this  principle  to  the  subject  of  electricity. 
The  two  vessels  on  the  same  level  rep- 
resent the  perfect  equipoise  of  the  two 
electrical  elements.  Raising  one  vessel 
corresponds  to  disturbing  the  equipoise 
of  the  electrical  elements  and  raising  the 
potential  of  one  element.  This  element 
with  the  higher  potential  we  call  the  pos- 
itive element.  Water  flows  from  the 
higher  vessel  to  the  lower  one  through 
the  tube.  Analogously,  electricity  tends 
from  the  positive  side  towards  the  nega- 
tive through  a  suitable  conductor.  The 
degree  of  lowering  of  the  one  vessel  de- 
termines the  force  with  which  the  water 
will  gravitate  and  flow  toward  the  lower 
level.  This  corresponds  to  the  relative 
degree  of  electromotive  force  or  voltage 
with  which  the  electrical  energy  will 
manifest  itself.  A  unit  of  electromotive 
force  is  called  a  volt. 

Returning  to  the  example  quoted  we 
can  readily  understand  that  the  water 
does  not  necessarily  always  drain  in  the 
same  quantity  and  at  the  same  rate.  It 
may  drain  in  a  thick  or  in  a  thin  stream. 
The  idea  of  quantity  is  also  applicable 
to  electricity.  The  quantity  of  current 
Mowing  is  called   amperage,  one  unit  of 
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which  is  known  as  an  ampere.  There 
may  be  obstacles  in  the  way  of  the  water 
flowing,  e.  g.  a  narowing  of  the  caliber 
of  the  tube.  Applied  to  electricity  these 
obstacles  suggest  what  is  meant  by  re- 
sistance, one  unit  of  which  is  called  an 
ohm. 

The  units  of  voltage,  amperage  and 
resistance  have  been  definitely  deter- 
mined. Go  to  any  electrical  supply- 
house  or  laboratory  and  ask  to  be  shown 
a  Daniell's  cell.  It  consists  of  copper  in 
contact  with  a  sulphate  of  copper  solu- 
tion. Separated  by  a  porous  partition  is 
a  zinc  plate  in  a  solution  of  sulphate  of 
zinc  and  sulphuric  acid.  The  electro- 
motive force  produced  by  a  cell  of  thi^ 
kind  is  a  trifle  more  than  one  volt. 

The  exact  meaning  of  resistance  was 
determined  by  the  International  Con- 
gress of  Electricians  at  Paris  in  1884 
A  unit  of  resistance  (ohm)  is  the  re- 
sistance of  a  column  of  pure  mercury, 
106  centimeters  long,  1  square  millimeter 
thick,  weighing  14.4521  grammes,  at  a 
temperature  of  zero  degrees  Centigrade. 
This  amount  of  resistance  is  approxi- 
mately equal  to  the  resistance  of  a  cop- 
per wire  1/20  inch  thick  and  250  feet 
long. 

The  amount  of  current  which  will  flow 
through  a  resistance  of  one  ohm  with  an 
electromotive  force  of  one  volt  is  called 
one  ampere.  The  thousandth  part  of  an 
ampere  is  a  milli-ampere  and  is  the  unit 
of  quantity  used  in  medical  electricity. 

The  terms  volt,  ohm  and  ampere  im- 
mortalize the  names  of  the  three  great 
scientists  Volta,  Ohm  and  Ampere,  who 
were  among  the  early  investigators  of 
electricity. 

Dr.  Ohm  recognized  the  close  rela- 
tionship and  interdependence  of  electro- 
motive force,  current-strength,  and  re- 
sistance. He  formulated  this  relation- 
ship by  the  law  of  resistance  which  is 
known  as  Ohm's  Law,  to-wit:  the  cur- 
rent strength  (amperage)  is  always 
equal  to  the  electromotive  force  (volt- 
age) divided  by  the  resistance.  Trans- 
posing the  factors  of  this  equation  we 
may  say  that  the  voltage  is  equal  to  the 
amperage  multiplied  by  the  resistance  or 
again,  that  the  resistance  is  equal  to  the 
amperage  divided  by  the  voltage.  Let 
C  stand  for  current-strength  (amper- 
age),  E    for   electromotive    force    (volt- 


age) and  R  for  resistance  (ohms),  the 
formula  in  its  triple  form  would  read 
thus: 

E  E 

C  =  — ,  or  E  =  C  X  R,  or  R  —  — 
R  C 

The  law  of  Ohm  enables  us  to  figure 
out  the  amount  of  the  current-strength, 
resistance  or  electromotive  force  if 
the  other  two  factors  are  known. 
Instruments  for  the  measurement  of 
amperage  and  voltage  are  called,  respec- 
tively, ammeter  and  voltmeter.  An  in- 
strument for  the  measurement  of  milli- 
amperes  is  known  as  a  milli-ampere- 
meter,  this  instrument  being  of  great 
service  in  the  practice  of  medical  elec- 
tricity. 

We  have  seen  that  electrical  energy 
becomes  manifest  the  moment  the  equi- 
poise of  dormant  electricity  is  disturbed 
by  some  agent  or  other.  The  immediate 
effect  of  such  disturbance  is  the  produc- 
tion of  electromotive  force  or  voltage. 
There  are  two  ways  in  which  voltage 
may  be  produced,  to-wit:  by  chemical 
action  (cells,  etc.)  and  by  mechanical 
energy  (friction  machines,  dynamos, 
etc.).  We  shall  consider  the  construc- 
tion of  these  generators  and  their  phys- 
ical effects  in  our  next  lesson. 

An  electric  circuit  is  the  path  of  an 
electric  current  from  the  positive  (ano- 
dal)  to  the  negative  (cathodal)  side  of 
the  generating  source.  The  circuit  is 
said  to  be  closed  as  long  as  the  current 
flows,  and  is  said  to  be  open  when  a 
break  occurs  in  the  path.  It  is  a 
grounded  circuit  if  the  earth  is  used  as 
a  part  of  the  circuit.  If  the  two  sides  of 
a  circuit  are  connected  before  the  cur- 
rent has  a  chance  to  flow  through  the 
full  extent  of  the  conductors,  this  closure 
is  called  a  short  circuit. 

Let  us  suppose  that  the  current  is  pro- 
duced by  more  than  one  generating 
source,  e.  g.  five,  ten  or  more  cells. 
These  cells  may  be  wired  together  by 
combining  all  the  positive  elements  and 
gathering  the  energy  produced  by  them. 
The  wires  from  the  positive  elements  are 
twisted  into  one  common  wire  or  con- 
ductor. The  same  is  done  with  all  the 
negative  elements.  Thus  we  have  two 
wires,  one  representing  the  combined 
positive  energy,  the  other  the  combined 
negative     energy     of     the     generating 
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sources.  This  way  of  wiring  is  known 
as  wiring  in  multiple  or  wiring  in  par- 
allel. These  terms  apply  to  any  electri- 
cal apparatus  that  is  wired  in  the  man- 
ner indicated.  Thus,  if  we  connect  a 
dozen  receptacles  for  incandescent  lamps 
with  two  supply  or  feed  wires,  each  re- 
ceptacle being  attached  to  both  wires, 
we  would  say  that  the  lamps  are  wired 
in  multiple  or  in  parallel.  If  one  of 
these  lamps  should  burn  out,  it  would 
not  affect  the  others.  If  one  of  the  five, 
ten  or  more  cells  which  we  have  wired  in 
multiple  should  be  exhausted  or  become 
disconnected,  it  would  simply  mean  the 
loss  of  the  energy  of  one  cell.  In  no 
other  way  would  the  sum  total  of  energy 
from  the  cells  wired  in  multiple  be  af- 
fected. If  twelve  lights  are  wired  in 
multiple  and  one  burns  out,  the  other 
eleven  would  still  continue  to  burn. 
They  draw  from  the  same  source  but  in- 
dependently of  each  other.  This  is  the 
meaning  of  multiple  or  parallel  wiring. 

There  is  still  another  way  in  which 
cells  and  other  electrical  apparatus  may 
be  wired.  If  we  wire  twelve  cells  by 
connecting  the  positive  element  of  one 
with  the  negative  element  of  the  next, 
and  so  on  until  the  elements  of  all  the 
cells  are  connected,  we  finally  get  two 
wires,  one  from  the  first  cell  and  the 
other  from  the  last,  that  represent  the 
combined  energy  of  the  twelve  cells. 
Let  one  cell  become  exhausted  and  the 
circuit  would  at  once  be  broken.  Like- 
wise, if  we  place  twelve  lights  on  one  of 
two  feed  wires,  not  on  both,  they  would 
be  dependent  on  each  other.  Let  one 
lamp  burn  out  and  the  circuit  will  be 
broken.  The  other  eleven  lamps  would 
not  light  up.  This  is  what  is  known  as 
wiring  in  series.  Electrical  devices  that 
are  wired  in  series  draw  their  energy 
from  the  same  source  and  are  dependent 
on  each  other. 

How  many  different  kinds  of  cur- 
rents are  there  and  which  are  used  in 
electro-therapy  ? 

We  have  seen  that  a  current  is  pushed 
by  its  electromotive  force  from  the  high- 
er level  (positive,  anode)  to  the  lower 
(negative,  cathode).  As  long  as  the 
position  of  the  two  levels  relatively  to 
each  other  remains  undisturbed  the  cur- 
rent will  flow  in  this  one  direction.  This 
is  what  we  mean  bv  a  constant  current. 


It  is  also  called  a  direct  current.  It  is 
the  same  kind  of  a  current  that  was 
formerly  called  a  galvanic  current,  the 
term  suggesting  the  name  of  the  great 
physicist  Galvani.  The  word  "galvanic" 
has  become  practically  obsolete.  We 
speak  of  a  direct  current  in  common 
electrical  parlance  or  of  a  constant  cur- 
rent in  electro-therapy. 

Let  us  suppose  that  the  relative  posi- 
tion of  the  two  poles  were  continually 
changing.  The  current  would  still  be 
flowing  from  positive  to  negative,  but, 
owing  to  the  change  in  the  relative  posi- 
tion of  the  two  poles,  would  be  chang- 
ing its  actual  direction  continuously.  Let 
a  man  be  walking  toward  a  certain 
point,  say  a  stone  placed  fifty  feet  away. 
If  some  one  were  to  throw  this  stone 
above  the  man's  head  to  a  place  fifty 
feet  behind  the  man's  back  the  man 
would  have  to  reverse  his  direction  in 
order  to  walk  towards  the  stone.  He  is 
walking  in  the  opposite  direction  but 
still  towards  the  stone.  This  is  to  illus- 
trate the  change  in  the  direction  of  a 
current  while  the  latter  necessarily  flows 
from  positive  to  negative.  A  changing 
current  like  this  is  called  an  alternating 
current.  The  electromotive  force  of  an 
alternating  current  begins  at  the  zero 
mark  and  rises  to  its  full  height 
then  drops  to  the  zero  mark  (neu- 
tral level)  and  below  it  to  a  depth 
corresponding  to  the  previous  rise 
or  height.  It  returns  to  the  neutral 
level  and  begins  again  to  rise.  The  rise 
above  the  neutral  level  and  the  subse- 
quent drop  or  fall  beneath  it  are  the  al- 
ternations of  the  current.  Each  curve 
is  an  alternation.  Two  alternations  fol- 
lowing each  other  constitute  a  cycle. 
The  time  consumed  in  the  completion  of 
a  cycle  is  a  period.  The  number  of  al- 
ternations occurring  in  one  second  indi- 
cates the  frequency  of  the  current. 
There  may  be  a  thousand,  ten  thousand, 
one  hundred  thousand,  a  million  and 
more  alternations  in  one  second.  Thus 
we  get  the  term  high  frequency  current 
to  indicate  an  alternating  current  char- 
acterized by  many  alternations  per  sec- 
ond. Currents  of  high  frequency  have 
become  of  greatest  interest  and  im- 
portance in  the  practice  of  electro-ther- 
apy, as  we  shall  see  later  on. 
(To  be  continued.) 
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ELECTROPHONE  FOR  THE 
DEAF. 

The  fact  that  electricity  used  in  the 
telephone  enables  people  to  converse 
with  one  another  when  over  1,000  miles 
apart  suggested  the  idea  of  the  electro- 
phone, which  materially  aids  those  who 
are  partially  deaf  to  hear.  The  makers 
of  the  Stolz  electrophone  claim  no 
efficacy  for  this  instrument  in  cases 
where  the  auditory  nerve  has  been  par- 
alvzed   and   there   is   absolute    deafness. 
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FIG.    1.     ELECTROPHONE. 

In  such  cases  there  is  no  hope  for  aid  in 
hearing.  In  cases,  however,  where  there 
is  only  partial  deafness  the  electrophone 
has  demonstrated  its  usefulness  in  a 
practical  manner. 

Fig.  1  shows  a  view  of  the  electro- 
phone, which  consists  of  a  miniature  tel- 
ephone set,  (1)  being  the  transmitter, 
(2)  the  battery  and  (3)  the  receiver. 
The  transmitter  and  battery  case  are  in 
one  piece  and  are  compact  and  light 
enough  to  be  carried  in  the  vest  pocket 
or  tucked  out  of  sight  in  a  ladies  waist. 
A  cord  carrying  two  conducting  wires 
leads  from  the  transmitter  to  the  re- 
ceiver ear  piece.  This  ear  piece  may 
be  either  held  to  the  ear  with  the  hand 
or  it  may  be  fastened  to  the  head  by 
a  head  band.  Most  of  the  working 
parts  of  the  electrophone  are  therefore 
hidden,  and  the  ear  piece  and  small  cord 


running  to  it  are  not  unsightly,  as  will 
be  noted  in  Fig.  2. 

Sound  waves  which  impinge  on  the 
diaphragm  of  the  transmitter  are  great- 
ly multiplied  in  volume  and  are  transmit- 
ted through  the  cord  to  the  receiver 
which  is  held  to  the  ear.  Deaf  person- 
are  therefore  able  to  hear  with  the  elec- 
trophone more  easily  than  with  an  ear 
trumpet,  and  are  not  annoyed  by  its  un- 
sightliness. 

The  transmitter  being  covered  by  the 
clothing  does  not  impair  its  efficiency  in 


FIG.    2.     USING   THE    ELECTROPHONE. 

the  least.  The  weight  of  the  outfit  com- 
plete is  but  11  ounces,  so  that  it  is  not 
inconvenient  to  carry  about.  The  bat- 
tery cells  will  last  about  six  weeks  and 
may  be  renewed  at  a  cost  of  a  few  cents. 


OKLAHOMA  ELECTRICAL  CONVENTION. 

Enthusiastic  preparations  are  being 
made  for  the  coming  convention  of  the 
Oklahoma  Electric  Light.  Railway  and 
Gas  Association  which  will  be  held  in 
Guthrie,  Okla..  May  25th  to  27th.  This 
is  one  of  the  younger  of  the  many  state 
electrical  associations  which  have  come 
into  existence  during  the  last  few  years, 
and  which  are  of  such  efficient  aid  in 
the  furtherance  of  the  use  of  electricity 
At  the  Guthrie  convention  one  of  the 
interesting  features  will  be  a  very  com- 
plete exhibit  of  electrical  devices  for  the 
household. 


BEAUTIES  OF  THE  AUTOMOBILE  PARADE. 


Formal  opening  of  the  automobile  sea- 
son on  "Automobile  Row,"  in  Chicago, 
was  this  year  marked  by  a  week's  car- 
nival, the  initial  demonstration  being  a 
parade  in  which  gayly  decorated  cars  to 
the  number  of  ioo  or  more  participated. 
The  parade  was  held  on  the  evening  of 
March  28,  and  was  one  of  the  most  beau- 
tiful exhibitions  of  its  kind  ever  held  in 
the  city.  In  spite  of  the  cold  weather 
it  was  estimated  that  50,000  people  saw 
the  pageant. 

Xearly  all  of  the  cars  were  decorated 
with  floral  designs  and  several  were  il- 
luminated    with     festoons     of     electric 


ond  illustration  is  shown  one  of  the  elec- 
trically lighted  cars.  The  lights  were 
furnished  with  current  from  storage  bat- 
teries and  were  artistically  festooned 
over  the  car. 


FIRST  ELECTRIC  ROAD  FOR  COLOMBIA. 

On  the  steamer  Prince  Eitel  Fred- 
erich,  which  sailed  recently  from  New 
York,  was  shipped  the  equipment  of 
the  first  electric  street  car  road  to  be 
built  in  the  republic  of  Colombia,  S. 
A.,  says  the  Electrical  World.  The  road 
will  be  constructed  in  Bogota,  the  cap- 


lights,  which  added  greatly  to  the  bril- 
liance and  beauty  of  the  scene.  In  all 
there  were  23  prizes  given.  The  electric 
vehicle  shown  herewith  was  one  of  the 
prize  winners.  Every  possible  point  on 
the  car  was  covered  with  flowers  and 
as  an  additional  ornamentation,  several 
white  doves  were  mounted  on  flexible 
steel  rods  projecting  from  the  car.  and 
as  the  rods  vibrated  the  doves  appeared 
to  float  and  flutter  in  the  air.     In  the  sec- 


ital.  and  will  replace  the  mule  car  lines 
now  in  use.  The  steamer  will  discharge 
at  the  port  of  Cartagena,  and  from  there 
the  steam  railroad  will  transport  the 
equipment  for  15  miles,  when  the  jour- 
ney will  be  continued  by  water  for  400 
miles.  A  trip  of  100  miles  on  mule 
back,  followed  by  a  water  trip  and 
another  mule-back  journey,  will  finally 
bring  the  equipment  to  its  destination. 
The  cars   used  will   be   run   bv   two   2; 
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horsepower  motors  each  and  current 
will  be  generated  in  a  power  house  be- 
longing to  the  city.  The  road  is  not 
more  than  six  miles  in  length  and  eight 
or  nine  cars  will  be  used,  but  eventually 
the  system  will  be  much  enlarged. 


WHAT  A  KILOWATT  HOUR  OF  ELECTRICITY 
WILL  DO. 

Calculated  by  an  electrical  engineer 
of  the  municipal  lighting  plant  of 
Loughborough,   England. 

1.  Saw  300  feet  of  lumber  (deal). 

2.  Clean  5,000  knives. 

3.  Keep  your  feet  warm  for  five 
hours. 

4.  Clip  five  horses. 

5.  Warm  your  curling  iron  every  day 
in  the  vear  for  three  minutes  and  twice 


12.  Fill  and  cork  250  dozen  pint 
bottles. 

13.  Supply  all  the  air  required  by  an 
ordinary  church  organ  for  one  service. 

14.  Run  a  plate  polishing  machine 
for  21  hours. 

15.  Give  you  three  Turkish  baths. 

16.  Keep  four  domestic  irons  in  use 
for  an  hour. 

17.  Keep  you  warm  in  bed  for  32 
hours. 

18.  Give  you  a  fire  in  your  bedroom 
for  an  hour  while  you  are  dressing  or 
undressing. 

19.  Boil  nine  kettles  of  water,  each 
holding  a  pint. 

20.  Cook  15  chops  in  15  minutes. 

21.  Run  a  small  ventilating  fan  for 
21  hours. 

22.  Run  a  large   ventilating  fan   for 
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on  Sundays. 

6.  Warm   your  shaving   water   every 
morning  for  a  month. 

7.  Give  you    1,250  impressions  on   a 
Bremner  royal  printing  machine. 

8.  Run    a    mechanical   sieve   for    two 
hours. 

9.  Run    an    electric     clock     for     100 
years. 

10.  Light  3,000  cigars. 

11.  Knead   eight   sacks  of  flour   into 
dough. 


six  hours. 

2^.  Keep  your  breakfast  warm  for 
five  hours. 

24.  Run  a  sewing  machine  for  21 
hours. 

2^.  Carry  your  dinner  upstairs  every 
day  for  a   week. 

26.  Keep  your  coffee  pot  warm  at 
the  breakfast  table  every  day  for  a 
week. 

27.  Carry  you  three  miles  in  an  elec- 
tric brougham. 


ELECTRICITY  IN  THE  BALLET. 


Novel  use  of  electric  lights  in  the  cos- 
tuming of  the  chorus  of  "Honeymoon 
Trail"  at  the  La  Salle  Theatre,  Chicago, 
has  attracted  favorable  comment.  In  this 
production  there  are  460  lights  on  the 
stage  at  one  time.  These  are  not  car- 
ried by  an  amplified  chorus,  either,  but 
by  ten  girls  who  assist  Miss  Florence 
Holbrook  in  a  song  number  entitled 
"Whose  Little  Girl  Are  You?". 

The  girls  wear  stunning  red  and  black 
dresses,  with  immense  picture  hats,  and 
green  and  red  muffs.  When  the  gowns 
were  made  an  electrical  expert  was  called 
in  to  help  the  eostumer,  and  the  creations 
were  wired  so  that  46  bulbs  were  sewed 


from  the  back  of  the  stage,  by  insulated 
wires,  and  the  attachment  is  made  by  10 
male  escorts  of  the  girls  who  connect  the 
wires.  There  is  an  independent  connec- 
tion for  each  dress  and,  for  safety,  a  fuse 
for  each  girl.  The  girls  control  the  lights 
themselves,  through  switches  carried  in 
the  muffs.  A  transformer  on  the  stage 
reduces  the  current  of  no  volts  to  one  of 
six  volts.  The  lights  are  one-half  candle 
power  each. 

The  audience  apparently  is  mystified 
by  the  manner  in  which  current  is  car- 
ried to  the  lights,  because  the  choristers 
are  seemingly  free  from  bungling  bat- 
teries, the  gowns  being  snug  and  form- 


into  each  dress.  The  task  was  so  in- 
geniously done  that  the  spectators  can 
notice  nothing  unusual  in  the  make-up  of 
the  garments,  and  the  lighting  of  the 
lamps  comes  as  a  distinct  surprise,  par- 
ticularly as  the  ballet  engages  in  a  lively 
dance  on  a  full-lighted  stage  just  a  sec- 
ond before. 

The  bulbs  are  concealed  in  roses  which 
form  a  border  around  the  bottom  of 
the  skirt,  in  the  bodice  and  in  the  brim 
of  the  hat.  Some  are  red  and  some  white. 
The   current   is   conveyed  to    each    girl 


fitting.  After  each  verse  the  stage  lights 
are  turned  up  and  through  hasty  manip- 
ulation of  the  wires  by  the  male  members 
of  the  chorus  the  girls  appear  free  and 
without  the  impediment  of  wires,  which 
the  audience  seems  to  think  ought  to  run 
through  the  floor. 

Preliminary  to  the  staging  of  the  fea- 
ture, the  La  Salle  Theatre  electrician 
gave  the  chorus  girls  and  their  male  as- 
sistants a  course  of  instruction  which 
eliminated  any  fear  they  may  have  had 
about  managing  the  460  lights. 
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ELECTRICALLY  EQUIPPED  DRY  DOCK. 

The  new  dry  dock  of  the  San  Fran- 
cisco Dry  Dock  Company  now  being 
built  at  Hunters  Point  near  that  city, 
will  be  the  largest  in  the  world,  and 
what  is  more  it  is  practically  an  electric 
dry  dock,  for  the  pumps  that  will  re- 
move the  water  will  be  electrically 
driven.  Up  to  the  present  time  the 
largest  dry  dock  in  the  world  was  at 
Belfast,  Ireland,  but  this  new  American 
dock  far  surpasses  it  in  all  particulars. 
It  will  be  1,050  feet  long,  144  feet  wide 
and  34^  feet  deep. 

The  pumping  plant  will  consist  of 
four  54-inch  centrifugal,  double  suction 
pumps,  with  a  joint  capacity  of  200,000 
gallons  of  water  a  minute.  Each  pump 
will  be  driven  by  a  500-horsepower, 
three-phase  electric  motor,  operating  at 
440  volts.  These  pumps  will  be  placed 
in  the  bottom  of  the  pump  pit  and  can 
be  started  from  the  gallery  at  the  floor 
level,  the  intention  being  to  use  the  high 
tension  current  of  a  nearby  central  sta- 
tion at  about  10,000  volts  and  transform 
it  to  the  required  voltage. 

With  the  above  electrical  installation 
it  will  be  possible  to  pump  24,000,000 
gallons  of  water  in  two  hours,  which 
will  be  sufficient  to  empty  the  great  dock. 
A  record  made  possible  by  the  use  of 
electricity. 


ELECTRIC    FLORICULTURE    IN    ENGLAND. 

Electric  floriculture  has  been  devel- 
oped to  a  considerable  extent  in  Eng- 
land. In  one  adaptation  of  this  method 
the  electric  light  was  made  to  take  the 
place  of  the  sun  in  this  way:  Along  the 
whole  length  of  two  green-houses,  to- 
mato plants,  fuchsias,  chrysanthemums, 
geraniums  and  ferns  were  arrayed.  One 
house  was  left  as  usual,  the  other  fitted 
up  with  an  electric  light.  The  plants  at 
the  start  were  all  of  the  same  height  on 
the  first  morning,  but  after  three  days 
a  notable  difference  was  apparent  be- 
tween those  left  alone  and  those  grown 
at  night  under  the  large  arc  lights. 

In  the  house  with  the  large  arc  light 
the  lamp  was  moved  by  a  motor  car  over 
an  overhead  railway,  the  journey  back 
and  forth  taking  exactly  an  hour.  Thus 
in  three  hours  it  traveled  up  and  clown 
the  house  three  times.     The  result  after 


three  nights  and  four  days  showed  that 
the  tomato  plants  in  the  house  which  had 
been  electrically  lighted  at  night  had 
grown  an  average  of  four  inches  taller 
than   those   in   the   house   without 


light. 


ELECTRIC  SIGNAL  FOR  MAIL 
BOXES. 

People  living  on  rural  free  delivery 
mail  routes  will  be  interested  in  a  new 
type  of  mail  box  which  is  the  invention 
of  Mr.  Norman  L.  Cheney,  of  Batavia, 
111.  In  the  country,  the  mail  boxes  are 
often  located  at  a  considerable  distance 
from  the  farm  house,  and  sometimes  out 
of  sight  of  the  occupants.  Many  steps 
may  therefore  be  saved  if  some  effective 
means  of  signaling  be  employed  to  indi- 
cate when  mail  has  been  deposited  in  the 
box. 

Mr.  Cheney's  device  consists  of  a  sim- 


ple mail  box  so  arranged  that  an  electric 
alarm  is  sounded  when  small  pieces  of 
mail  are  dropped  inside  and  more  bulky 
packages  placed  in  a  special  receptacle  on 
top  of  the  box.  The  hinged  door  through 
which  letters  are  dropped  into  the  box 
is  normally  held  closed  by  a  spring.  When 
the  door  is  opened,  however,  the  move- 
ment closes  the  circuit  to  an  electric  bell 
located  in  the  house,  which  sounds  an 
alarm  as  long  as  the  mail  carrier  has  the 
door  open.  In  a  similar  manner  a  pack- 
age deposited  in  the  receptacle  at  the  top 
of  the  box  will  close  the  same  circuit 
and  ring  the  alarm. 

Batteries  are  used  to  furnish  the  cur- 
rent necessary  and  the  connections  are 
simple  and  easily  made. 


FIRST  AID  IN  CASE  OF  ELECTRIC  SHOCK. 


EFFORTS  toward  resuscitation 
after  electric  shock  should  be  per- 
sisted in  as  earnestly  as  in  case  of 
drowning",  and  even  after  life  is  appa- 
rently extinct  there  have  been  cases 
where  the  victim  has  been  revived.  The 
United  Gas  Improvement  Company  of 
Philadelphia  originated  a  very  efficient 
system  of  first  aid  which  is  described  in 
the  following  paragraphs,  and  which  if 
followed  closely  will  in  many  cases  result 
in  the  saving  of  a  life. 

A  kit  containing  the  following  mate- 
rials should  be  kept  in  readiness :  A 
bottle  of  aromatic  spirits  of  ammonia ; 
a   bottle   of   ordi-  . 


nary  ammonia, 
with  sponge  at- 
tachment;  a 
package  of  bicar- 
bonate of  soda 
(ordinary  baking 
soda)  ;  a  tin  cup ; 
a  pair  of  tongue 
pliers  ;  a  towel ;  a 
package  of  anti- 
septic cotton ;  a 
roll  of  adhesive 
tape. 

The  first  thing 
to  do  is  to  send 
for  a  doctor,  in 
che  meantime  act- 
ing as  follows : 
Carry  the  patient 
immediately     into 

fresh  air.  Place  him  on  his  back  on  a 
flat  surface,  with  a  coat  rolled  (not 
folded)  under  the  shoulders  and  neck, 
in  such  a  way  as  to  allow  the  head  to 
fall  backward  enough  to  straighten  the 
wind-pipe,  as  shown  in  Fig.  I  ;  at  the 
same  time  open  the  patient's  shirt  wide 
at  neck  and  loosen  the  trousers  and 
drawers  at  waist,  and  have  an  assistant 
rub  his  legs  hard. 

Open  his  mouth,  forcing  the  jaw  if 
necessary.  If  the  jaw  is  rigid  it  can  be 
forced  open  by  placing  the  forefinger 
back  of  the  bend  of  the  lower  jawbone 
and  the  thumbs  of  both  hands  on  the 
chin,  pulling   forward   with   fingers   and 


pressing  jaw  open  with  thumbs. 

Place  something  (a  piece  of  wood) 
between  the  teeth  to  keep  the  jaws  open 
and  to  prevent  the  patient  biting  his 
tongue,  using  something  large  enough 
to  prevent  any  danger  of  his  swallowing 
it  accidentally ;  grasp  the  tongue  with 
the  tongue  pliers  as  shown  in  Fig.  I, 
having  an  assistant  hold  it  out  while  you 
are  helping  the  patient  to  breathe,  as  de- 
scribed below.  In  the  absence  of  tongue 
pliers,  the  tongue  may  be  grasped  be- 
tween the  index  and  second  fingers,  aft- 
er they  have  been  covered  with  a  hand- 
kerchief. 

After  the  cloth- 
ing has  been  loos- 
ened, the  jaw 
forced  open,  the 
froth  cleared 
from  the  mouth 
and  the  tongue 
grasped,  begin  ar- 
tificial a  breathing 
at  once  as  fol- 
lows : 

Kneel  far 
enough  behind 
the  head  of  the 
patient  to  prevent 
interference  with 
the  man  holding 
the  tongue.  Bend 
the  patient's  arms 
fig.  1.  so  that  the  hands 

meet  on  the 
chest ;  grasp  the  patient's  forearms  firm- 
ly, as  close  as  possible  to  the  bent  el- 
bows, then  firmly  press  the  patient's  el- 
bows against  the  sides  of  his  body  so  as 
to  drive  the  air  out  of  the  lungs,  as 
shown  in  Fig.  2,  raising  the  arms  slowly 
with  a  sweeping  motion  until  the  pa- 
tient's hands  meet  above  (or  behind)  the 
patient's  head,  as  shown  in  Fig.  3.  Then 
while  you  have  the  patient's  arms 
stretched  out  in  line  with  his  body,  give 
them  a  slow,  strong  pull,  until  you  have 
expanded  or  raised  his  chest  as  high  as 
it  will  go.  Then  bring  the  arms,  with 
bent  elbows,  down  against  the  sides,  and 
press  them  firmly  as  before. 
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FIG.    2. 

This  action  should  be  continued  about 
15  times  a  minute  until  the  patient  be- 
gins to  breathe.  You  must  guard  against 
a  tendency  to  make 
these  motions  too  fast ; 
they  must  be  made 
slowly.  A  good  plan  is 
to  count  four  slowly — 
"one,"  as  the  pressure 
is  given  on  the  sides ; 
"two,"  as  the  arms  are 
being  extended  above 
the  head ;  "three,"  as 
the  strong  pull  is  giv- 
en, and  "four,"  when 
the  arms  are  again  be- 
ing bent  and  returned 
to  the  sides. 

Do  not  let  your 
hands  on  the  forearms 
slip  away  from  the  el- 
bows. The  best  result 
comes  from  grasping 
close  to  the  elbows. 

The  operator  must  appreciate  the  fact 


that    this   manipulation 
must  be  executed  with 
methodical  deliberation, 
just   as   described,   and 
never  hurriedly  or 
half  -  heartedly.       T  o 
grasp     the     arms     and 
move  them  rapidly  up 
and  down  like  a  pump- 
handle   is   both   absurd 
and  absolutely  useless. 
Each  time  the  arms 
are    pulled    above    the 
head  and  the  chest  ex- 
panded,    the     assistant 
who  is  holding  the 
tongue  should  pull  the  tongue  out  and 
downward,  and  another  assistant  should, 
from  time  to  time,  slap  the  chest  with  a 


FIG.    4. 


FIG.    3. 

towel  or  cloth  wet  with  cold  water. 
When  the  patient  is  breathing  by  him- 
self, the  process  of  ar- 
tificial breathing  can  be 
stopped,  but  the  proc- 
ess of  p  r  e  s  s  i  n  g  the 
sides  every  other  time 
he  breathes  out.  should 
be  started  as  follows  : 

Do  not  press  verti- 
cally, but  press  on  the 
patient's  side  (palms 
of  hands  over  lower 
ribs)  as  shown  in  Fig. 
4.  in  such  a  manner  as 
to  force  as  much  air 
out  of  the  lungs  as  pos- 
sible.     You    can    carry 
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out  this  pressing  action  most  successful- 
ly, if,  on  beginning,  you  move  your 
hands  in  and  out  with  every  breath, 
pressing  very  lightly,  until  you  have  es- 
tablished a  rhythmical  motion  of  your 
hands  in  unison  with  the  patient's  breath- 
ing; then  you  can  begin  to  press  hard 
at  every  other  outgoing  breath.  The  ob- 
ject of  doing  this  is  to  strengthen  his 
breathing.  By  making  the  pressure  every 
other  time  he  breathes  out,  you  give  him 
an  opportunity  to  take  a  breath  himself, 
and  this  natural  effort  to  breathe  is  in 
itself  strengthening  to  the  action  of  the 
lungs. 

Continue  this  pressing  action  until  the 
man  is  conscious  and  breathing  well  by 
himself. 


also  serves  as  an  effective  means  of  ad- 


vertising the  city. 


Current  for  the  lamps  is  furnished  by 
the  Mansfield  Railway  and  Light  Co. 


ELECTRIC    ARCHES 

FOR  STREET  LIGHTING 

An  attractive  and  very  efficient  meth- 
od of  street  lighting  is  shown  by  the  ac- 


QUESTIONS  AND  ANSWERS. 
The  object  of  Popular  Electricity  is 
not  only  to  interest  its  readers  and  keep 
them  in  touch  with  things  electrical,  but 
more  than  that,  to  be  of  real  benefit  to 
those  who  are  seeking  to  increase  their 
knowledge  of  the  theory  and  application 
of  electricity.  To  this  end  a  "Question 
and  Answer  Department"  will  be  em- 
bodied in  the  magazine.  If  there  is  some 
question  or  problem  in  electricity  that  is 
puzzling  you,  send  it  in.  The  question 
will  be  printed  together  with  the  answer, 
and  this  information  will  interest  hun- 
dreds of  others  in  whose  minds  the  same 
question  has  arisen.  Because  your  query 
may  be  of  a  very  elementary  nature  do 
not  hesitate  to  submit  it  on  that  account. 
Thousands  of  people  in  the  various  walks 
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ELECTRIC    ARCHES    IN    MANSFIELD,    OHIO. 


companying  illustration,  which  is  an  ex- 
cellent night  view  of  Main  Street,  Mans- 
field, O. 

Steel  lattice  work  arches,  supported  by 
steel  pillars,  span  the  street  at  each  inter- 
section, for  a  distance  of  over  half  a 
mile,  and  the  effect  of  the  40  incandes- 
cent lamps  carried  by  each  arch  is  high- 
ly ornamental.  This  method  of  lighting 
is  confined  to  the  business  district  and 
has  been  found  entirely  satisfactory.    It 


of  life  are  interested  in  electricity,  al- 
though they  may  have  very  little  knowl- 
edge of  how  this  great  force  accom- 
plishes the  wonderful  results  seen  on 
every  hand.  Your  question  and  its  answer 
will  benefit  them,  and  the  department 
may  be  made  a  clearing  house  for  this 
general  knowledge.  Questions  of  a  more 
technical  nature  will  also  be  answered 
for  the  benefit  of  those  who  are  trained 
in  the  electrical  art. 
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REMINISCENCES  OF 

THOMAS  A.  EDISON. 

Mr.  James  Walsh,  a  well-known  resi- 
dent of  Chicago  and  also  well  known  all 
over  the  country  as  a  railway  man,  and 
who  has  now  retired  from  active  busi- 
ness life,  gives  some  interesting  rem- 
iniscences of  Thomas  A.  Edison.  Mr. 
Walsh,  when  a  telegraph  operator  at 
Ridgeway,  Mich.,  knew  Edison  as  a 
boy,  and  the  story  of  some  incidents  in 
his  early  life  is  therefore  best  told  in 
Mr.  Walsh's  own  words. 

"I  was  an  operator  at  Beebe's  Cor- 
ner, later  Ridgeway  and  now  Lennox, 
when  I  first  met  "young  Edison;  he  was 
then  about  13  years  of  age.  Beebe's 
Corner  was  a  station  between  Detroit 
and  Port  Huron,  and  the  boy  carried 
newspapers  on  the  train  between  Detroit 
and  Port  Huron.  He  left  Detroit  about 
7  o'clock  in  the  morning  returning 
about  the  same  time  in  the  evening.  His 
parents  at  that  time  resided  at  Port 
Huron.     This  was  in  i860. 

"We  called  him  'little  Al/  and  bright 
and  well  liked  he  was,  both  by  train 
men  and  passengers.  People  have  some- 
times spoken  of  him  in  later  life  as  not 
being  a  good  business  man — let  me  say 
that  he  began  as  one  and  has  been  one 
ever  since.  When  he  was  newsboy  on 
the  train,  he  had  a  little  font  of  type  in 
the  baggage  car  and  used  to  print  a 
little  paper  of  his  own,  giving  the  news 
of  his  route  as  he  went  along  between 
the  stations,  which  he  used  to  sell  with 
the  Detroit  papers.  This  was  enterprise 
indeed,  and  with  it  he  had  business  sa- 
gacity, for  he  telegraphed  the  headlines 
of  the  city  papers  ahead  to  all  the  op- 
erators on  the  line,  and  in  this  way  ex- 
cited interest  in  his  papers  at  the  dif- 
ferent stations  along  the  line.  The  tele- 
graph operators,  who  were  all  his 
friends,  used  to  bulletin  the  head  lines 
for  him,  and  as  it  was  about  the  open- 
ing of  the  war,  there  was  always  an 
eager  waiting  throng  to  whom  he 
quickly  disposed  of  his  papers.  He  was 
a  most  lovable  little  fellow  and  a  prime 
favorite  with  everybody.  We  all  called 
him  'Little  Al.' 

"I  saw  him  every  day  during  six  or 
seven  months  and  then  was  transferred 
to  St.  Mary's.  Meantime  the  lad  Edison 


had  learned  telegraphy  in  the  Detroit 
and  Port  Huron  offices  of  the  Grand 
Trunk.  When  next.  I  heard  of  him  he 
had  become  night  operator  at  Stratford. 

"A  funny  incident  happened  there 
which  was  told  to  me  by  the  superin- 
tendent of  telegraph  lines  just  as  it  oc- 
curred. Edison  had,  as  night  opera- 
tor, to  report  every  half  hour  to  the 
chief  dispatcher  at  Toronto.  One  night 
the  circuit  was  found  to  be  open  some- 
where between  Toronto  and  Stratford. 
It  happened  as  luck  would  have  it  that 
the  superintendent  of  telegraph  lines  was 
on  the  night  train  leaving  Toronto,  and 
he  tested  all  the  offices  along  the  line  to 
find  the  break.  When  he  reached  the 
Stratford  office  he  found  the  trouble  was 
right  there,  and  on  examining  the  con- 
nections he  found  that  young  Edison  was 
the  cause  of  it  by  reason  of  an  electric 
alarm  clock  he  had  invented  to  wake 
him  up  at  the  half  hour  periods,  so  that 
he  might  hear  the  call  if  he  drowsed  off, 
as  night  operators  sometimes  do.  The 
alarm  did  not  waken  him  on  that  par- 
ticular night  and  the  result  was  that 
Edison  got  the  'sack'  there  and  then. 

"Next  day  he  went  to  Buffalo,  the 
terminus  of  the  Stratford  line,  and  ob- 
tained employment  in  the  Western  Un- 
ion Company's  office.  The  manager 
there  thought  he  had  a  greenhorn  to 
try  out,  and  put  him  on  the  Associated 
Press  wire  the  first  night,  giving  word 
to  New  York  to  rush  business  for  the 
benefit  of  the  new  man.  But  the  new 
man  took  the  business  all  right,  swift 
though  it  came,  to  the  intense  surprise 
of  the  local  manager  and  the  sender  in 
New  York.  Thus  was  Edison's  reputa- 
tion as  a  crack  operator  established  at 
once.     It  was  born  in  him. 

"The  next  I  heard  of  him  was  after 
his  success  in  inventing  the  stock 
ticker.  This  instrument  is  substantially 
the  same  to-day  as  when  he  first 
invented  it.  With  part  of  the  pro- 
ceeds of  that  invention  he  purchased 
the  street  railway  line  between  Fort 
Gratiot  and  Port  Huron  for  his  father 
and  brother  and  set  them  up  in  business. 
Afterwards  his  reputation  became 
world  wide. 

"1  have  always  been  proud  of  lin- 
early acquaintance  with  'Little  Al."  and 
proud  too  oi  his  grand  success." 


WIRELESS  TELEGRAPHY  MADE  SIMPLE. 

BY    V.     H.     LAUGHTER. 

PART   I. 

CONSTRUCTION     OF    A     SIMPLE     WIRELESS    TELEGRAPH    SET. 


WIRELESS  telegraphy  is  coming 
into  quite  general  use  as  means 
of  communication  between  ships 
at  sea,  city  to  city  overland,  army  serv- 
ice, etc.  It  has  only  been  a  matter  of 
a  few  weeks  since  the  Marconi  wireless 
company  has  established  communication 
across  the  ocean.  While  this  does  not 
signify  that  the  cable  companies  will  be 
forced  out  of  business,  yet  it  shows  the 
wonderful  developments  and  improve- 
ments that  have  been  accomplished  along 
this  line  in  a  comparatively  short  time. 
From  the  above  and  other  well-known 
feats  it  may  readily  be  understood  that 
this  new  art  will  sometime  occupy  a  posi- 
tion as  important  as  the  telephone  and 
telegraph  of  to-day.  The  field  is  also 
unlimited  for  the  invention  of  new  and 
useful  improvements,  which  need  not  be 
given  here  but  can  be  readily  under- 
stood after  we  have  become  familiar 
enough  with  the  various  systems  in  use 
to  understand  their  defects. 

The  following  description  of  a  short 
distance  wireless  outfit  will  not  only  be 
useful  to  those  who  wish  to  experiment 
in  this  field,  but  it  will  also  serve  to 
make  clear  the  elementary  principles 
upon  which  wireless  telegraphy  is 
based.  Such  a  set  is  very  easy  to  con- 
struct and  will  be  found  to  give  good  re- 
sults for  distances  of  one-fourth  to  one- 
half  mile  over  land,  while  over  water 
the  same  set  would  probably  work  twice 
this  distance.  The  knowledge  gained 
will  also  prove  of  great  benefit  should 
an  attempt  be  made  to  construct  larger 
sets. 

Before  taking  up  the  construction  it 
will  be  well  to  give  a  general  review  of 
the  parts  needed  which  are  as  follows : 
Spark  coil  capable  of  giving  a  one-inch 
spark ;  two  brass  balls  one-half  or  one 
inch  in  diameter;  telegraph  key;  150- 
ohm  relay  ;  coherer  ;  common  four-ohm 
electric  bell.  As  it  is  very  important 
that  an  exact  idea  be  obtained  of  each 
working  part  and  its  operation,  each  will 
be  described  here  in  detail. 

The   spark   coil    is   a   transformer,    so 


made  that  it  will  "step  up"  a  current  of 
low  voltage  to  several  thousand  volts. 
The  coil  consists  of  a  bundle  of  soft  iron 
wires  around  which  is  wound  two  layers 
of  No.  16  or  18  cotton  covered  magnet 
wire.  Over  this  winding  and  well  in- 
sulated from  it  is  wound  several  hun- 
dred layers  of  No.  36  silk-covered  mag- 
net wire.  The  first  winding  is  known  as 
the  primary,  while  the  second  winding 
of  small  wire  is  known  as  the  secondary. 
If  the  current  from  a  number  of  bat- 
teries is  now  sent  through  the  primary 
winding,  although  any  other  source  of 
current  will  do,  the  core  will  become 
magnetized,  and  invisible  magnetic  lines 
of  force  will  be  set  up  beginning  at  the 
end  of  the  core  and  extending  through 
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FIG.    1.     VIBRATOR    FOR    WIRELESS    TELE- 
GRAPH. 

the  large  number  of  secondary  turns.  If 
this  primary  current  is  now  quickly 
broken  a  second  current  of  high  voltage 
will  be  induced  in  the  secondary,  due 
to  the  large  difference  in  number  be- 
tween the  adjacent  turns  of  the  two  coils 
of  wire,  which  produces  a  high  voltage 
action. 

From  the  above  it  is  readily  under- 
stood that  some  means  for  rapidly 
"making  and  breaking"  the  primary  cir- 
cuit is  necessary.  In  fact  the  efficiency 
of  small  size  coils  depends  to  a  large 
extent  on  this  current  "breaker"  or  vi- 
brator as  it  is  usually  termed.  The  ac- 
tion of  a  vibrator  is  shown  in  the  sec- 
tional view  of  the  spark  coil,  Fig.  1. 
The  vibrator  consists  of  the  soft  iron 
disk    (E)    screwed   to   the    spring   strip 
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(F).  In  the  center  of  this  brass  spring 
strip  is  placed  platinum  foil,  which  the 
contact  of  the  screw  (D)  touches,  the 
contact  of  this  screw  also  being  platinum 
pointed. 

By  pressing  the  telegraph  key  (K), 
the  battery  circuit  is  closed  and  current 
flows  through  the  contacts  (F)  and  (D) 
and  through  the  primary  winding  around 
the  core  (A),  saturating  it  with  mag- 
netism and  thereby  attracting  the  soft 
iron  disk  (E).  The  attraction  of  the 
disk  now  breaks  the  battery  circuit,  and 
magnetism  immediately  ceases  to  exist, 
which  allows  the  soft  iron  disk  to  fly 
back  to  its  original  position,  due  to  the 
action  of  the  spring,  only  to  repeat  the 
operation  over  -  again.  At  each  "make 
and  break"  of  the  vibrator  the  secondary 
current  is  induced  in  the  secondary 
winding  as  explained  before. 

A  condenser  (C)  which  is  made  by 
building  up  alternate  layers  of  tin  foil 
and  paper  is  connected  to  the  two  vi- 
brator contacts  (D)  and  (F).  The 
condenser  serves  to  prevent  sparking  at 
the  vibrator  contacts  as  well  as  to 
strengthen  the  current  by  making  a  dis- 


brass  rods  about  six  inches  in  length  and 
large  enough  to  make  a  perfect  fit  in  the 
balls.  The  rods  with  balls  are  now 
mounted  on  the  top  of  the  coil,  one 
terminal  of  the  'outside  or  secondary 
being  connected  to  one  ball  and  the  other 
terminal  to  the  other  ball.  The  tele- 
graph key  (K)  is  also  connected  in 
series  with  the  batteries  (H)  and  the 
primary  connections  of  the  coil. 

Attention  is  next  directed  to  the  aerial 
and  ground.  The  aerial,  which  may  con- 
sist of  No.  14  bare  copper  wire,  is  run 
to  the  top  of  a  pole  50  or  60  feet  in 
height  and  suspended  by  means  of  a 
swing  made  by  tying  two  knobs  on  a 
well-oiled  seagrass  rope,  so  that  they  rest 
about  one  foot  apart.  One  of  the  knobs 
is  fastened  to  the  top  of  the  aerial  while 
to  the  bottom  one  is  tied  the  Xo.  14  bare 
copper  wire.     The  aerial  should  be  led 
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FIG.    2.      WIRELESS    TRANSMITTING     APPARATUS    COMPLETE 


charge   around   the   primary   winding   at 
each  swing  of  the  vibrator. 

To  arrange  the  coil  as  a  wireless 
transmitter  two  brass  balls  should  be  se- 
cured about  one-half  or  one  inch  in 
diameter.  The  balls  should  be  perfectly 
round  and  highly  polished.  A  ^-inch 
hole  is  drilled  in  each  to  the  depth  of 
34 -inch.      The    balls    are    now    fitted    cm 


in  through  a  hole  drilled  in  a  pane  of 
glass,  or  if  this  is  not  possible,  wrap  the 
aerial  to  several  times  its  diameter  with 
tape  and  place  in  a  porcelain  tube,  the 
tube  being  placed  in  a  hole  drilled 
through  the  wall  for  this  purpose.  The 
aerial  is  now  soldered  to  one  of  the 
brass  rods  which  supports  one  of  the 
brass    balls.      The    ground    should    con- 
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sist  of  a  metal  plate  buried  to  a  depth  of 
six  feet  with  insulated  wire  soldered  to 
it.  This  ground  wire  is  now  led  up  and 
soldered  to  the  rod  opposite  the  one  to 
which  the  aerial  was  soldered. 

The  sending  end  is  now  complete  as 
shown  in  Fig.  2.  The  adjustments  and 
working"  will  be  taken  up  later  on. 

One  of  the  most  important  parts  of 
the    receiving    set    is    the    coherer.      To 
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FIG.     3.      LKANLY'S    COHERER. 


Branlv  is  given  the  credit  for  first  dis- 
covering that  a  loose  mass  of  iron 
filings,  when  brought  in  close  proxim- 
ity to  the  discharge  of  a  leyden  jar  or 
other  high  frequency  discharge,  will 
cling  together,  or  cohere,  and  thereby 
lower  the  resistance  of  the  mass  as  a 
whole,  allowing  the  current  from  a  bat- 
tery to  more  easily  flow  through  the 
mass  when  the  particles  are  in  coher- 
ence than  when  they  are  not.  The  filings 
may  be  placed  in  a  tube  and  form  part 
of  a  circuit  to  an  electric  bell  or  other 
indicating  device.  Branly's  original  plan 
is  shown  in  Fig.  3,  in  which  (A)  is  the 
battery,  (B)  the  bell,  (C)  a  glass  tube, 
(D-D)  silver  pole  pieces  with  metal  fil- 
ings (E)  between.  In  order  to  stop  the 
bell  from  ringing  it  was  necessary  to  tap 
the  tube  with  a  pencil  which  would  "de- 
cohere" the  filings,  and  this  would  in- 
crease the  resistance  so  that  enough  cur- 
rent would  not  flow  through  to  actuate 
the  bell. 

This  is  the  identical  coherer  used  by 
Marconi  in  his  original  experiments, 
with  the  exception  of  a  few  improve- 
ments, the  main  improvement  consist- 
ing of  an  automatic  tapping  device  as 
explained  farther  on.  The  coherer  in 
construction    is    extremely    simple.       In 


Fig.  4  is  shown  a  type  that  will  answer 
perfectly  well  for  experimental  pur- 
poses and  is  fairly  sensitive. 

The  coherer  consists  of  two  double  lead, 
binding  posts  (BB),  two  brass  silver- 
plated  rods  (CC)  large  enough  in  diam- 
eter to  make  a  snug  fit  in  the  binding 
post  and  about  two  inches  in  length,  a 
glass  tube  (D)  and  filings.  The  bind- 
ing posts  should  be  mounted  on 
a  wood  base  one-half  inch  in 
thickness  polished  or  varnished  to  suit 
the  taste,  and  two  inches  apart.  The  sil- 
ver-plated rods  are  mounted  end  to  end 
with  a  space  of  about  one-sixteenth  inch 
separating  the  two  ends.  In  the  space 
between  the  ends  of  the  rods  are  placed 
the  filings,  being  held  in  place  by  the  glass 
tube  slipped  over  the  ends  of  the  rods 
as  shown  in  Fig.  4  at  (E).  The  filings 
should  be  prepared  by  sawing  a  nickel 
block  with  a  hack  saw.  The  filings 
should  be  sifted  through  a  fairly  thin 
mesh  cheese  cloth,  the  dust  which  goes 
through  being  thrown  away  while  the 
larger  pieces  are  retained  and  placed  in 
the  space  at  (E).  It  is  also  well  to  heat 
the  filings  after  preparation,  so  as  to 
drive  away  moisture  which  will  prove 
detrimental  to  the  working  of  the  in- 
strument. 

The  coherer  is  first  connected  up  with 
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FIG.    4.      COHERER   IN   CIRCUIT. 

relay  (B)  and  battery  as  shown  in  Fig. 
5.  As  some  will  not  understand  the 
action  of  a  relay  it  may  be  briefly  de- 
scribed as  two  magnet  coils  with  con- 
necting posts.  The  magnet  coils  are 
connected  in  series  with  the  battery  and 
coherer.  In  front  of  the  coils  is  pivoted 
an    armature   which    is   attracted    bv   the 
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flow  of  even  a  very  small  amount  of  cur- 
rent around  the  magnet  coils,  clue  to  the 
fact  that  the  coils  have  in  the  center  a 
soft  iron  core  which  becomes  magnetic 
and  attracts  the  armature.  The  arma- 
ture in  its  forward  pull  closes  a  second 
circuit  which  comprises  the  battery  (C) 
and  an  electric  bell. 

The  tapper  of  the  electric  bell  serves 
to  de-cohere  the  filings  as  well  as  to 
give  the  audible  signals.  It  should  be 
mounted  on  the  baseboard  in  such  a 
manner  that  the  hammer  will  tap  the 
glass  tube  when  in  action. 

If  all  connections  have  been  properly 
made  the  apparatus  is  ready  to  be  ad- 
justed. The  brass  rods  of  the  coherer 
should  be  pushed  against  the  mass  of  fil- 
ings until   the   armature   of   the   relay  is 
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ground  wires  have  been  erected  the  -ame 
as  at  the  sending  end,  the  connections 
being  as  shown  in  Fig.  5. 

At  the  sending  end  the  two  spark  balls 
are  brought  up  until  only  one-eighth  of 
an  inch  separates  them.  This  is  done 
in  order  that  a  heavy  wave  will  be  sent 
out  which  is  capable  of  being  detected 
at  much  greater  distances  than  were  a 
longer  gap  used. 

By  pressing  the  telegraph  key  at  the 
sending  station  the  battery  circuit  is 
closed  which  allows  the  current  to  flow 
around  the  primary  winding,  energizing 
the  core  and  starting  the  vibrator  in  op- 
eration. At  each  swing  of  the  vibrator 
the  high  frequency  current  is  induced  in 
the  secondary,  which  flows  out  at  the 
terminals  to  the  spark  gap  (O).  Fig.  2. 
In  breaking  down  the  high  resistance  in- 
terposed by  the  air  in  the  spark  gap  a 
wave  motion  is  set  up  which  oscillates  up 
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FIG.    5.     RECEIVING 

thrown     and     the     electric     bell     starts 
ringing. 

The  arms  are  now  gradually  with- 
drawn until  the  bell  barely  stops  ring- 
ing. The  next  adjustment  is  that  of  the 
relay.  A  spring  should  be  provided  to 
control  the  tension  of  the  armature,  and 
this  should  be  unwound  until  the  relay 
armature  closes  the  connection  and  rings 
the  bell.  The  tension  is  now  slightly  in- 
creased until  the  point  is  reached  where 
the  circuit  is  barely  open.  In  fact  the 
distance  which  separates  the  relay  con- 
tacts is  hardly  visible  to  the  naked  eye. 
The  set  is  now  ready  to  be  put  in  oper- 
ation,   considering    that    the    aerial    and 


APPARATUS  COMPLETE. 

and  down  the  aerial  and  ground  wire, 
also  setting  up  a  similar  wave  motion  in 
the  ground  and  the  air,  or  rather  in  the 
ether  which  is  supposed  to  exist  in  the 
ground  as  well  as  the  air.  This  waw 
motion  goes  out  equally  in  all  direction-. 
and  at  the  receiving  station  a  certain 
portion  is  caught  by  the  aerial  and 
ground  wire,  which  small  portion  flow  - 
through  the  coherer  and  coheres  the 
loose  mass  of  filings,  lowering  the  re- 
sistance as  before  stated  and  allowing 
the  current  from  the  battery  to  flow 
through  and  actuate  the  relay.  This 
closes  the  second  circuit  which  starts  the 
bell  in  operation.     The  bell  continues  u 
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decohere  the  filings  as  long  as  the  wave 
continues  to  come  in.  In  this  manner 
the  dots  and  dashes  of  the  code  are  sent, 
as  the  bell  will  continue  to  ring  as  long- 
as  the  key  at  the  sending  station  is 
pressed.     In  adjusting  the  apparatus  it  is 


best  to  place  the  sending  and  receiving- 
ends  about  ten  feet  apart  without  aerial 
or  ground  wires.  Then  continue  to  ad- 
just and  widen  the  distance  until  the 
limit  is  reached. 

(To    Be   Continued.) 


CUTTING  TELEPHONE  POLES  IN  MICHIGAN. 


BOARD  a  train  at  Menominee. 
Mich.,  on  the  shore  of  Green  Bay 
and  ride  to  Marquette  on  the 
shore  of  Lake  Superior,  across  the  north- 
ern peninsula  of  Michigan.  A  view 
from  the  car  window  will  be  a  revela- 
tion to  the  uninitiated.  Twenty-five 
years  ago  this  was  an  almost  unbroken 
forest  of  pine. 

Proceeding      from      Menominee,      the 


bermen  in  low  and  swampy  spots.  These 
trees  may  stand  to-day,  but  a  few  months 
hence  they  may  support  a  telephone  line 
in  Texas. 

Here  on  rising  ground  close  to  a  run- 
ning stream  the  cedar  pole  cutter  builds 
his  shanty,  unless  he  is  fortunate  enough 
to  find  one  abandoned  in  years  past  by 
the  pine  logger. 

By   December   the     whole     swamp     is 


CONCENTRATING    YARD. 


farms  gradually  become  poorer  and 
more  scattered  until  finally  they  are  left 
behind  and  a  desolate  region  begins. 
This  whole  land  in  all  accessible  locali- 
ties was  lumbered  over  years  ago.  Since 
then  woodland  fires  have  swept  over  the 
region  and  made  ruin  complete.  The 
spectre  like  skeleton  stubs  of  once  giant 
pines  pierce  their  way  upward  from  the 
undergrowth,  here  and  there  over  the 
flat  country  as  far  as  the  eye  can  reach. 
In  the  interior  regions  of  this  wilder- 
ness, however,  there  are  still  small 
patches  of  virgin  forest  left  by  the  lum- 


frozen  solid,  footing  is  good  and  horses 
are  brought  in  to  drag  the  poles  out  of 
the  tangle  of  tops  and  branches  to  the 
roads  that  have  been  cut.  When  the 
snow  falls  the  sleds  are  loaded  and  haul- 
ing begins.  The  small  operators  depend 
almost  wholly  upon  the  snow  to  make 
roads  for  hauling,  but  where  a  consid- 
erable amount  of  cedar  is  being  cut  or 
where  other  logging  is  being  done  in 
connection  with  the  cedar  cutting,  the 
whole  operation  will  bear  the  expense 
of  making  ice  roads,  which  make  sled 
hauling  almost  independent  of  snow. 
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With  the  advent  of  spring  the  woods-      EDISON  LIGHT  ON  WILLIAMSBURG  BRIDGE. 


man's  task  is  done  and  the  dealer's  work 
commences.  At  hundreds  of  small  sta- 
tions and  sidetracks  on  railroads  travers- 
ing the  cedar  producing  territory,  the 
result  of  the  winter's  work  is  piled  in 
lots  of  from  300  to  5,000  poles,  all  sizes 
from  16  to  70  feet  long  usually  mixed 
together  without  regard  to  size.  The 
small  lots  of  under  2,000  are  usual- 
ly loaded  on  cars  and  shipped  to  cen- 
tral concentrating  points,  where  in  large 
yards  the  poles  are  sorted  and  piled, 
each  size  separately.  When  sufficiently 
dry  they  are  then  ready  for  distribution 
to  the  trade  throughout  the  country.  The 
larger  lots  are  usually  partially  sorted  at 


The  city  of  New  York  ha^  been  ex- 
perimenting with  an  electric  power  plant 
for  lighting  the  Williamsburg  bridge, 
garbage  being  used  as  fuel.  This  munic- 
ipal undertaking  has,  however,  not  been 
a  success.  After  being  humored  and 
pampered  for  more  than  two  years,  and 
fed  everything  in  the  fuel  line  from  gar- 
bage to  kerosene,  it  had  to  be  abandoned. 

While  garbage  burned,  it  was  found 
that  it  was  not  as  good  a  steam  producer 
as  some  older  forms  of  fuel.  A  few  tons 
of  coal  judiciously  mixed  with  the  refuse 
helped  out  to  some  extent,  and  an  occa- 
sionaLdash  of  kerosene  aided  materiallv 
in   raising  the   indicator   on    the    steam 


PILING   TELEPHONE    POLES   WITH    A    CRANE. 


the  producing  point.  Direct  shipments 
are  made  until  the  assortment  is  broken 
up,  then  the  balance  is  loaded  and 
shipped  to  the  concentrating  yard,  where 
the  sorting  is  done. 

The  larger  firms  in  the  business 
handle  from  100,000  up  to  as  high  as 
200,000  poles  annually,  equivalent  to 
from  800  to  1,600  carloads,  the  railroad 
ties,  fence  posts  and  cedar  logs  pro- 
duced with  the  poles  amounting  to  twice 
as  much  more.  A  yard  which  will  ac- 
commodate all  the  standard  sizes  of 
poles  and  posts  must  provide  a  pile 
frontage  of  not  less  than  1,800  feet, 
with  depth  varying  from  50  to  150  feet. 


gauge.  But  at  best  it  was  expensive,  so 
the  old  Edison  lighting  contract  has 
been  renewed. 


NEW  YORK  SUBWAY  POWER. 
All  of  the  underground  railways  in 
New  York  are  operated  on  the  third-rail 
system  and  the  power  plant  in  use  for 
this  purpose  is  said  to  be  equal  to  the 
strength  of  83,000  horses  and  200  of  the 
mogul  style  of  locomotives  which  are 
hauling  the  18-hour  trains  between  New 
York  and  Chicago.  The  plant  is  now  be- 
ing increased  to  a  capacity  of  125,000 
horsepower  in  order  to  supply  the 
tunnels. 


ELECTRICAL  MEN  OF  THE  TIMES, 


EDWIN  J.  HOUSTON,  PH.  D. 


The  most  popular  "boy"  in  Philadel- 
phia is  Edwin  J.  Houston — scientist, 
electrical  engineer,  teacher,  inventor  and 
author.  Although  now  nearly  64  years 
of  age,  Dr.  Houston  is  a  "boy"  in  the 
sense  that  he  is  looked  upon  as  a  per- 
sonal friend  by  thousands  of  boys  all 
over  the  country,  both  through  intimate 
acquaintance  and  through  the  influence 
of  the  many  books  which  he  has  written, 
and  which  have 
thrilled  the  hearts  of 
boys  the  world  over. 
From  this  Dr.  Hous- 
ton derives  more  sat- 
isfaction than  from 
the  honors  he  has  so 
justly  earned  in  the 
field  of  science. 

Edwin  J,  Houston 
was  born  in  Alexan- 
dria, Va.,  July  0, 
1844.  His  education 
was  completed  at 
Princeton,  where  he 
received  the  degree 
of  Doctor  of  Philos- 
ophy. Early  in  his 
career  he  became  in- 
terested in  the  studv 
of  electricity  as  one 
of  the  branches  of 
natural  science,  and 
he  was  one  of  the  in-  edwin  j. 

ventors  of  the  Thomson-Houston  system 
of  arc  lighting.  This  achievement  alone 
has  made  his  name  familiar  to  every 
student  of  electricity,  for  it  was  of  a 
pioneer  character  and  one  of  the  first 
real  developments  in  the  field  of  electric 
lighting.  This  interest  in  electricity  was 
uppermost  in  his  mind  throughout  his 
long  career,  and  he  added  much  to  elec- 
trical progress  by  numerous  inventions 
and  improvements  in  electrical  appa- 
ratus. 

He  was  for  many  years  professor  of 
geography  and  natural  sciences  at  Cen- 
tral High  School,  Philadelphia,  and  of 
physics  at  Franklin  Institute,  finding- 
time  also  to  act  in  a  consulting  capacity 
on    many   electrical   projects   and   to   as- 


sume the  duties  of  president  of  the 
American  Institute  of  Electrical  Engi- 
neers for  two  terms. 

As  an  author  Dr.  Houston  is  an  au- 
thority on  many  subjects.  It  would  be 
impossible  here  to  enumerate  all  of  the 
many  works  from  his  pen,  as  he  has 
written  no  less  than  80  on  scientific  sub- 
jects, but  a  few  will  serve  to  indicate 
the  g-reat  variety  of  his  writings.  Among 
them  are  the  follow- 
ing :  Elements  of 
Natural  Philosophy ; 
Elements  of  Chem- 
istry ;  Dictionary  of 
Electrical  W  o  r  d  s. 
Terms  and  Phrases ; 
Electrical  Trans- 
mission of  Energy ; 
Alternating*  Cur- 
rents ;  Arc  Lighting ; 
Electro  -  Therapeu- 
tics ;  Telephony,  and 
last,  but  not  least,  his 
books  for  boys,  of 
which  he  has  written 
nine  thus  far,  prom- 
inent among  these 
being  The  Boy  Elec- 
trician and  the  Won- 
der Book  of  Vol- 
canos  and  Earth- 
quakes. His  liter- 
ary wTork  is  by  no 
means  completed,  however,  and  he  still 
continues  to  write,  one  of  his  latest  un- 
dertakings being  a  series  of  articles  for 
this  magazine. 

Although  Philadelphia  has  been  his 
home  for  nearly  all  his  life.  Dr.  Hous- 
ton has  traveled  extensively,  and  during 
his  travels  he  has  secured  a  fund  of  in- 
formation, from  which  he  has  drawn 
liberally  in  the  preparation  of  his  var- 
ious books. 

Such  a  man  then  is  Dr.  Houston. 
Well  versed  in  almost  every  depart- 
ment of  science,  but  never  a  dabbler.  A 
man  of  practical  ideas,  the  influence  of 
whose  work  has  been  a  potent  factor  in 
electrical  development.  And  last,  but  not 
least,  a  "boy/' 


HOUSTON. 
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DEVELOPMENT  OF 

THE  ELECTRIC  LAUNCH 

Where  electric  current  is  available  for 
charging'  purposes  the  electric  launch  is 
an  ideal  craft  for  pleasure  purposes.  It 
is  simple  to  operate,  there  is  no  steam 
boiler  or  engine  to  care  for  and  no  gaso- 
line engine,  consequently  no  inflammable 
fluid  need  be  carried.  By  reason  of  the 
ease  of  operation  the  owner  or  his  wife 
may  be  the  pilot. 

Electric  launches  are  now  built  in  a 
great  variety  of  sizes,  from  the  small 
fishing  boat  up  to  launches  over  40  feet 
in  length,  which  will  safely  carry  70 
passengers. 

One  objection  which  has  hitherto  been 
held  against  the  electric  launch  has  been 
the  fact  that  the  storage  batteries  can 
not  be  charged  by  alternating  current.  A 
storage  battery  can  only  be  charged  by 
direct  current,  which  is  _  forced  through 
the  cell  in  the  same  direction  continuous- 
ly. Alternating  current  reverses  its  di- 
rection of  flow  many  times  per  second, 
and  each  reversal  of  current  destroys  the 
charging  effect. 

In  many  localities  only  alternating 
current  is  available,  and  a  converter  of 
the  mechanical  type  to  change  the  alter- 


the  disposal  of  the  launch  owner  a  cheap 
and  simple  instrument  for  charging  his 
batteries.  By  means  of  this  exceeding- 
ly simple  device  the  alternating  current 
is  converted  into  direct  current,  and  the 


GLIMPSE   IN   THE   CABIN   OF  AN   ELECTRIC 
LAUNCH. 

necessity  of  a  costly  charging  plant  or 
rotary  converter  of  the  mechanical  type 
is  obviated. 

The  mercury-arc  rectifier  is  a  form  of 


FISHING   FROM   AN  ELECTRIC    LAUNC] 


nating  current  to  direct  current  is  ex- 
pensive and  adds  materially  to  the  cost 
of  the  launch  outfit.  Recently,  however, 
the  mercury-arc  rectifier  has  made  its 
appearance,  and  as  pointed  out  by  the 
Electric   Launch   Company,   it   places   at 


electric  lamp,  and  consists  of  a  vacuum 
tube  of  glass,  into  which  the  two  ter- 
minals of  the  charging  circuit  arc  intro- 
duced through  sealed  openings.  This 
tube  contains  a  small  amount  of  mercury 
and  by  shaking  the  tube  slisfhtly,  some  of 
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the  mercury  is  vaporized.  This  vapor 
of  mercury  is  a  conductor  of  electricity, 
and  current  immediately  begins  to  flow 
from  one  terminal  to  the  other  through 
the  vapor  in  the  tube.  By  a  curious  phe- 
nomenon the  vapor  of  mercury  has  been 
found  to  admit  of  a  flow  of  electric  cur- 
rent in  one  direction  only.  That  is,  the 
electric  impulses  of  an  alternating  cur- 
rent, which  are  in  one  direction,  pass 
through  the  vapor,  while  those  in  the 
other  direction  are  dampened  out.  If  a 
mercury-arc  rectifier,  therefore,  be  in- 
serted in  an  alternating  current  circuit, 
the  alternating  current  entering  at  one 
terminal  of  the  rectifier  comes  out  at  the 
other  terminal  as  direct  current,  or  cur- 
rent flowing  in  one  direction  only.  It 
may  then  be  passed  on  into  the  batteries 
to  charge  them. 


A  larg- 


ALTERNATING  CURRENT 
CORRECTOR. 

ALTERNATING  electric  current 
cannot  be  used  for  the  charging 
of  storag-e  batteries  owing  to  the 
fact  that  each  reversal  of  the  current  de- 
stroys the  charging  effect  of  the  preced- 
ing impulse.  Direct  current  can  there- 
fore only  be  used  for  this  purpose.  In 
localities  where  alternating  current,  only, 
is  available  some  method  must  be  em- 
ployed to  change  the  alternating  form  to 
direct  for  the  charging  of  automobile 
batteries,  sparking  batteries  and  the  like. 
This  is  accomplished  in  various  ways  as 
by  the  mercury-arc  rectifier,  rotary  con- 
verters, motor-generators,  etc. 

The  Ruprecht  corrector  is  a  novel  de- 
vice for  changing  alternating  to  direct 
current.  It  is  based  upon  the  principle 
that  certain  metals  and  solutions  have 
the  property  of  acting  as  a  valve  when  a 
current  of  alternating  character  is  allowed 
to  flow  through  them.  This  valve  action 
permits  current  impulses  in  one  direction 
to  flow  through  the  solution,  while  those 
in  the  opposite  direction  are  dampened 
out.  The  Ruprecht  corrector  is  made 
up  of  several  cells  composed  of  these  me- 
tallic solutions,  and  alternating  current 
passed  in  at  one  terminal  of  the  correc- 
tor comes  out  of  the  other  terminal  as 
direct  current. 

Several  sizes  are  made.     One  size  is 


of  about  two  amperes  capacity 
er  size,  which  is  shown  in  the  accom- 
panying illustration,  has  a  capacity  of 
five  to  ten  amperes  and  will  charge  bat- 
teries and  operate  direct  current  motors 
of  considerable  size  from  an  alternating 
current  circuit. 

There  are  numerous  applications 
which  may  be  made  of  this  corrector  in 
a   building   where  only    alternating   cur- 


ALTERNATING    CURRENT    CORRECTOR. 

rent  is  to  be  had.  For  instance,  it  may 
be  used  for  charging  storage  batteries, 
to  operate  small  direct  current  motors, 
to  do  electroplating  and  to  produce  di- 
rect current  for  physicians  and  dentists. 


FALLS    OF    THE    ZAMBESI    TO     PRODUCE 
ELECTRICITY. 

Victoria  Falls  of  the  Zambesi  River, 
in  Africa,  are  2Y/2  times  as  high  as  Ni- 
agara Falls  and  are  capable  of  develop- 
ing nearly  300,000  horse  power.  A 
company  has  been  formed  known  as 
the  Victoria  Falls  Power  Company,  to 
develop  the  water  power  of  these  falls 
and  to  transmit  the  electrical  energy  pro- 
duced, to  Johannesburg,  700  miles  away. 
This  project,  if  fulfilled,  will  mean  the 
construction  of  one  of  the  longest  trans- 
mission lines  ever  attempted. 


A  CUT  GLASS  TELEPHONE. 


J.  M.  Plaister,  General  manager  of  the 
Fort  Dodge  (Iowa)  Telephone  Com- 
pany, enjoys  the  distinction  of  having  the 
most  unique  telephone  ever  made.  The 
accompanying  illustration  shows  the  tele- 
phone, the  case  of  which  is  made  of  plate 
and  cut  glass. 

It  has  not  been  an  unusual  thing  to  sec 
telephones  made  of  rare  woods,  such  as 
mahogany,  ebony,  birdseye  maple,  etc., 
but  the  production  of  a  glass  telephone 
was   something  unthought    o\  except  by 


the    originator,    a     prominent     telephone 
concern  in  Chicago. 

This  instrument  was  constructed  not 
only  from  a  point  of  beauty,  but  for  the 
purpose  of  showing  the  skill  of  the  work- 
men, and  to  show  the  methods  of  in- 
stalling parts  and  demonstrate  the  sim- 
plicity of  construction  and  accessibility 
of  parts  o\  the  instrument.  It  will  be 
observed  by  referring  to  the  illustration 
that  all  parts  are  plainly  visible  without 
opening  the  ease.     Th«r  sides  and   front 
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of  the  cabinet  are  made  of  beveled 
French  plate  glass,  fastened  by  means  of 
machine  screws  to  the  nickel-plated 
frame  work.  The  desk  or  shelf  is  also 
made  of  plate  glass  and  has  a  beautiful 
design  cut  upon  it. 


PHOTOGRAPHY  SUPPLE- 
MENTED BY  THE 

ELECTRIC  LANTERN 

Enthusiastic  followers  of  amateur  pho- 
tography will  find  their  work  more  in- 
teresting and  more  instructive  by  taking 
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WILD    ROSE. 

advantage  of  the  highly  perfected  elec- 
tric lanterns  which  are  now  obtainable  for 
projecting  their  work  upon  a  screen. 
With  the  advent  of  the  high  power  in- 
candescent electric  light  have  come  ex- 
cellent projecting  lanterns  which  may 
be  purchased  at  exceedingly  low  prices 
within  the  reach  of  any  amateur  photog- 
rapher. 

At  the  end  of  a  season's  work  a  very 
interesting  collection  of  slides  may  be 
made  of  one's  work,  and  delightful,  in- 
structive and  entertaining  exhibitions 
may  be  given  in  any  home  where  electric 
current  is  available.  The  same  lantern 
may  also  be  used  as  an  enlarging  camera, 
using  the  ordinary  lantern  slide  nega- 
tives for  making  enlargements  upon  de- 
veloping paper  up  to  18  by  22  inches  in 
size.  By  using  an  electric  light  in 
making    enlargements,    it    is    possible   to 


obtain  a  much  more   even  illumination. 

It  is  well  for  the  amateur  photograph- 
er to  lay  his  plans  for  the  season's  work 
along  some  special  line,  for  instance, 
boats  and  boating,  horses,  dogs,  the 
flight  of  birds,  etc.  Perhaps  one  of  the 
most  interesting  and  instructive  plans  of 
work  is  that  which  Mr.  C.  F.  Poppel- 
baum  of  Chicago  has  been  following  for 
the  last  three  years,  commencing  the 
season's  work  before  the  snow  is  off  the 
ground.  Three  years  ago  Mr.  Poppel- 
baum  began  to  collect  and  make  photo- 
graphs of  the  wild  flowers  of  Illinois, 
and  thus  far  has  173  different  kinds 
which  he  has  secured  within  a  15-mile 
radius  of  Chicago,  and  there  are  hun- 
dreds of  others  which  he  hopes  to  add  to 
his  collection  this  year.  Some  of  the 
flowers  are  so  tiny  and  delicate  that  it 
was  impossible  for  him  to  carry  them 
home  for  the  purpose  of  photographing, 
and  the  photographs  were  made  in  the 
woods  under  the  most  trying  circum- 
stances. 

The  flower  photographs  from  which 
the  illustrations  of  this  article  were  re- 
produced,   were   made    by    Mr.    Poppel- 
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baum  on  plates  3^x4I4,  from  which, 
by  contact,  lantern  slides  were  made. 
Where  it  was  possible  to  do  so,  the 
slides  were  colored  while  the  flowers 
were  still  fresh,  thereby  giving  their 
true  color  value.  These  slides  are  in 
demand   by   public   schools  and   colleges 
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for  use  in  their  botanical  classes.  Alost 
schools  are  equipped  with  electricity  and 
by  simply  attaching  wires  from  the  lan- 
tern to  any  lamp  socket  the  pictures  may 
be  projected  upon  the  screen  at  a  mo- 
ment's notice  without  the  danger  always 
present  with  oil,  acetylene  or  oxy-hy- 
drogen. 

In  flower  photography  no  special  form 


TKIKLIUM. 

of  camera  is  required,  any  form  of  fo- 
cussing camera  being  suitable.  A  rising 
front  is  essential,  but  there  will  be  little 
use  for  a  swing-back.  It  should  be  pos- 
sible to  insert  the  plate  holder  and  with- 
draw its  slide  without  risk  of  moving 
the  camera,  so  care  must  be  taken  that 
this  part  of  the  apparatus  works  easily 
and  smoothly.  Isochromatic  plates  un- 
doubtedly should  be  employed  for  flower 
work,  as  ordinary  plates  give  incorrect 
renderings  of  the  color  values  of  flowers. 
Green  foliage  and  red  and  yellow  flowers 
come  out  too  dark,  while  blues  are  too 
light.  The  yellow  centers  of  dog  daisies 
appear  as  black  patches,  while  the  crim- 
son-edged corona  of  the  narcissus  is 
often  quite  indistinguishable  when  these 
flowers  are  photographed  on  an  ordinary 
plate.  Great  improvement  in  all  flower 
pictures  is  obtained  by  using  a  screen  or 
filter  which  increases  the  exposure  from 
four  to  eight  times.  Even  with  white 
flowers  there  is  a  certain  blueness  in  the 
shadows  which  is  much  more  satisfac- 
torily rendered  bv  the  use  of  a  filter. 


PHOTOGRAPHING 

ELECTRIC  EMANATIONS. 

Is  it  possible  to  take  photographs  of 
the  invisible  and  to  a  certain  extent  the 
unknown?  The  answer  of  the  average 
man  would  be  in  the  negative,  but  Pro- 
fessor Frederick  Hovenden  says  it  is  not 
only  possible,  but  is  prepared  to  prove 
that  the  invisible  not  only  can  be  photo- 
graphed, but  that  the  results  can  be  re- 
produced by  means  of  the  cinemato- 
graph. 

Professor  Hovenden,  who  is  a  well 
known  man  of  science,  works  upon  the 
following  assumptions :  Electricity, 
heat  and  ether  are  the  same  thing,  and 
consist  of  a  "fluid,"  which,  if  properly 
illuminated,  will  be  visible  to  the  naked 
eye ;  that  it,  is  possible  to  make  cinema- 
tograph or  moving  pictures  of  the  in- 
visible;  that  the  ordinary  human  being 
exhales  electricity  or  ether  through  the 
pores  of  the  skin  at  the  tips  of  the 
fingers,  and  that  photographs  of  this 
electricity  can  be  taken  and  reproduced 
by  the  cinematograph,  the  electricity 
being  invisible  unless  specially  illumi- 
nated. 

Most  people  have  rubbed  their  feet 
on  the  carpet  and  then  placing  their 
fingers  up  to  the  chandelier  and  heard 
and  seen  the  sparks  of  electricity.  But 
how  about  the  invisible  forms  of  elec- 
tricity? This  is  how  Professor  Hoven- 
den makes  photographs  of  them.  He 
first  fills  a  square  glass  box,  which  is 
technically  known  as  an  "analyzer." 
full  of  ordinary  tobacco  smoke  from  a 
cigarette,  and  this  is  carefully  mixed 
with  the  air.  He  then  places  his  finger 
through  a  hole  in  the  bottom  of  the 
"analyzer,"  and  when  the  light  from 
a  powerful  electric  arc  lamp  is  turned 
on,  it  is  said  to  be  quite  possible  to  see 
the  ether — or  electricity — issuing  from 
the  finger.  Prof.  1  [ovenden  explains  thai 
this  electricity  comes  through  minute 
holes  in  the  top  of  those  ridges  of  the 
skin  by  which  identification  by  finger 
print  impressions  is  carried  out.  These 
minute  holes  are  at  times  visible  to  the 
naked  eye  when  the  finger  is  carefully 
examined.  It  is  said  that  the  electricity 
can  be  seen  escaping  from  the  finger 
even  when  the  latter  is  covered  by  a 
tight  fitting  india  rubber  cap. 


DION  SYSTEM  OF  CHANNEL  ILLUMINATION. 


OF  all  the  systems  ever  devised  for 
marking  navigable  channels  the 
Dion  system  of  electrical  channel 
illumination  is  perhaps  the  most  unique. 
By  its  use  ships 
will  be  able  to 
thread  their  course 
through  tortuous 
routes  literally 
through  paths  of 
light.  Reversing 
the  usual  order  of 
things,  the  light 
will  come  up  from 
below  and  will 
show  as  bright 
spots  on  the  sur- 
face of  the  water. 
The  inventor  of 
this  scheme  is 
Mr.  Leon  Dion  of 
and  it  is  said  that 
he    has    obtained    on 


LEON   DION. 


Wilkes-Barre,    Pa. 
the    patent    which 


cable  or  cables  laid  along  the  channel, 
preferably  two  cables,  with  one  on  each 
side  of  the  course.  These  cables  are 
of  the  submarine  type  and  each  con- 
tains two  wires  which  are  connected 
with  a  dynamo  on  the  shore.  At  inter- 
vals along  the  cables  wires  are  tapped  in 
for  connection  to  incandescent  lamps. 
These  lamps  send  their  light  upward  and 
cast  a  bright  spot  on  the  surface,  clearly 
outlining  the  channel.  One  of  the  illus- 
trations herewith  shows  the  method  of 
arranging  the  cable  and  lights  at  the  bot- 
tom of  the  channel.  It  will  be  seen  that 
they  are  at  sufficient  depth  not  to  offer 
an  obstruction  to  the  passage  of  small- 
er craft  which  do  not  find  it  necessary 
to  confine  their  course  to  the  channel 
followed  by  the  larger  ships. 

In  the  smaller  illustration  the  ar- 
rangement of  the  incandescent  lamp  is 
shown.  The  lamp  is  enclosed  in  a 
water-tight  tube   which  is   fitted  with  a 


STEAMER   GUIDED    BY    DION    LIGHTS. 


this  system  is  one  of  the  few  absolutely 
fundamental  patents. 

The  new  system  consists  of  an  electric 


lens  in  the  upper  end,  the  tube  acting  as 
a  reflector  to  concentrate  the  rays  over 
a  small  area  on  the  surface  of  the  water. 
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The  tube  is  weighted  just  enough  to 
overcome  its  natural  buoyancy.  These 
lamps  are  placed  at  greater  frequency 
than  ordinary  buoys,  although  on  a  per- 
fectly straight  course  three  to  the  mile 
are  sufficient. 

When  replacing  burned  out  globes  the 
cable  may  be  lifted  to  the  surface  with 
a  grapple,  or  else  the  lamps  may  be  con- 
nected to  the   main   cable   with   connec- 


advantage 


the     navigation    of    sub- 


DION    LAMP   AND    REFLECTOR. 

tions  long  enough  to  enable  each  tube 
and  lamp  to  be  lifted  to  the  surface 
without  in  any  way  disturbing  the  main 
cable. 

Besides  the  advantages  of  this  system 
which  have  been  outlined  above  there 
are  several  others  which  may  be  men- 
tioned. It  is  not  disturbed  by  the  waves 
on  the  surface,  as  the  water  a  few  feet 
below  the  surface  is  alwavs  practically 
still. 

The  lights  are  also  easily  distinguished 
in  foggy  weather  for  the  reason  that  the 
beam  of  light  continues  on  from  the  sur- 
face of  the  water  through  the  fog,  form- 
ing a  pillar  of  light  through  which  ships 
are  guided  as  were  the  Israelites  of  old. 
This  beam  is  not  dispelled  by  wind,  as 
wind  and  fog  almost  never  occur  at  the 
same  time. 

Submerged    lights    would    also   be   of 


marine  boats  when  maneuvering  in  a 
harbor.  In  time  of  war  the  lights  could 
be  turned  off  under  normal  conditions, 
but  cculd  be  switched  on  to  admit  a 
friendlv  craft. 


ADVANTAGES  OF    AN    ELECTRICAL    ENGI- 
NEERING EDUCATION. 

Charles  P.  Steinmetz,  the  noted  elec- 
trical engineer,  recently  presented  a  pa- 
per before  the  American  Institute  of 
Electrical  Engineers  upon  the  subject  of 
an  electrical  engineering  education,  its 
advantages  and  the  facilities  for  secur- 
ing such  an  education  in  this  country  as 
compared  with  other  countries.  In  in- 
troducing the  subject  Mr.  Steinmetz 
said : 

"In  general,  the  conditions  for  a  good 
electrical  engineering  education  in  the 
United  States  are  far  more  favorable 
than  anywhere  else  ;  for  an  electrical  en- 
gineering industry  developed  to  a  high- 
er degree  and  to  a  greater  magnitude 
than  in  any  other  country  offers  a  very 
large  field  of  application  to  the  graduate 
engineer,  thus  supplying  an  incentive  to 
enter  this  profession.  Unlike  other  coun- 
tries, where  some  opposition  to  the  col- 
lege-trained man,  as  unpractical,  still 
lingers,  the  electrical  industries  here 
prefer,  and  in  many  instances  demand,  a 
technical  college  training  for  their  engi- 
neering  staffs.  There  is  a  tendencv  now 
to ■'•  demand  this  training  even  for  ad- 
ministrative and  commercial  positions. 
This  leads  to  a  close  co-operation  be- 
tween the  electrical  industry  and  the  en- 
gineering college.  The  leaders  of  the 
industry  take  a  close  and  active  interest 
in  technical  educational  work,  while 
teachers  of  engineering  consider  it  as 
their  foremost  duty  closely  to  follow  and 
keep  informed  of  the  advances  of  the 
electrical  industries,  sometimes  even  are 
actively   engaged   in   industrial  work. 

As  early  as  possible  the  students  are 
introduced  to  the  industry,  by  visits  to 
factories,  inspection  trips,  etc.,  which 
become  more  and  more  an  important 
part  of  the  college  education.  This  is 
as  it  should  be,  and  probably  constitutes 
the  strongest  features  oi  American  en 
gineering  education." 


TEN  THOUSAND  HORSEPOWER 

TURBINES  AT  NIAGARA  FALLS. 


Among  the  great  power  development 
undertakings  which  have  been  com- 
pleted at  Xiagara  Falls,  that  of  the 
Xiagara  Falls  Hydraulic  Power  and 
Manufacturing  Company  furnishes  an 
interesting  example.  In  this  plant  are 
located  four  powerful  hydraulic  turbines 
of  the  Samson  type  which  are  rated  at 
10,000  horsepower  each,  and  which  work 
•under  a  head  of  220  feet  of  water.  These 
turbines  are  each  direct  connected  to  two 


power  house,  and  from  that  point  it  falls 
vertically  through  the  great  steel  pipe 
shown  in  the  picture  to  the  turbines  220 
feet  below.  Each  turbine  is  entirely  en- 
cased in  steel.  The  water  enters  from 
the  under  side  and  strikes  upon  the 
buckets  of  the  wheel  within  the  case. 
The  bucket  wheel  is  divided  into  two 
sections,  the  water  being  divided  by 
guides  equally  between  the  two  sections. 
The   water   after   leaving   the  buckets   is 


FIG.    1.      NIAGARA    PLAA'T    THAT    DELIVERS    40.000   HORSEPOWER. 


electric  generators  as  shown  in  Fig.  i. 
The  first  of  the  four  generator  groups 
furnishes  current  for  two  suburban  trol- 
ley car  lines,  while  the  three  in  the  back- 
ground drive  the  machinery  in  the  alum- 
inum works  of  the  Pittsburg  Reduction 
Company.  Three  other  turbines  of  the 
same  type  operated  by  the  Hydraulic 
Power  and  Manufacturing  Company  are 
located  in  a  separate  building. 

Fig.  2  shows  an  exterior  view  of  the 
two  plants,  the  main  one  being  the  build- 
ing on  the  left  at  the  foot  of  the  cliff. 
Water  is  brought  from  the  river  above 
the  falls  to  the  top  of  the  cliff  above  the 


finally    discharged   through    a    discharge 
tube   in  the  side  of  the  casing. 

The  shaft  to  which  the  bucket  wheel 
of  the  turbine  is  attached  extends  out 
horizontally  through  the  casing  on  both 
sides,  and  the  two  generator  shafts  are 
attached  to  it  by  means  of  couplings  as 
shown  in  Fig.  I.  The  generators  are 
therefore  driven  at  the  same  speed  as  the 
turbine.  As  the  speed  of  the  generators 
must  be  maintained  as  nearly  constant  as 
possible,  whether  they  are  heavily  or 
lightly  loaded,  the  turbine  is  provided 
with  a  balanced  gate  which  may  be  op- 
erated by  the  hand  wheel  shown  in  Fig. 


POPULAR    ELECTRICITY 


i,  to  increase  or  decrease  the  flow  of  wa- 
ter to  the  turbine.  In  this  way  the  speed 
may  be  kept  practically  constant  at  all 
loads. 

It  is  interesting  to  those  not  familiar 
with  the  various  designs  of  hydraulic 
turbines,  to  know  that  in  the  type  above 
described,  power  is  derived  from  the  wa- 
ter by  virtue  of  its  weight,  rather  than 
by  the  force  of  its  impact  against  the 
blades.  The  pipe  leading  from  the  wa- 
ter supply  at  the  top  of  the  cliff,  and  its 
connection  to  the  casing  of  the  turbine, 
are  water  tight,  so  that  the  entire  weight 
of  the  water  column  220  feet  high  bears 
upon  the  buckets  of  the  turbine  wheel. 


incompetent  smiths.  So  electric  forges 
have  been  devised  for  use  in  the  mines, 
which  will  save  much  in  labor  and  tools. 
The  electric  forges  give  an  even  easily 
regulated  heat,  and  the  drills  are  sharp- 
ened right  at  the  point  where  they  are 
needed. 


BRANLY'S  TELE-MECHANIC. 

An  apparatus  which  is  of  considerable 
interest  has  been  devised  by  Dr.  Edouard 
Branly,  of  Paris,  which  he  calls  the 
"Tele-mechanic."  By  means  of  electric 
waves  sent  from  an  operating  post  he  is 
able  to  act  upon  devices  which  are  locat- 
ed at  a  distant  point,  and  thus  has  com- 


urbink;  plants  working  under  220  foot  heaj 


The  pressure  exerted  by  a  column  of  wa- 
ter of  this  height  is  nearly  100  pounds 
per  square  inch,  so  it  may  be  readily  seen 
that  an  enormous  turning  force  is  im- 
parted to  the  bucket  wheel. 

ELECTRIC  FORGES  IN  TRANSVAAL  MINE. 
Away  down  in  the  Village  Deep  Mine 
in  the  Transvaal,  S.  A.,  electric  forges 
are  daily  in  operation.  It  has  been 
fomv1  that  the  best  drills,  which  con- 
stantly require  sharpening,  have  been 
injured  by  sending  them  above  ground 
to   the    tender    mercies   of    more    or    less 


plete  control  ove*"  the  latter.  En  this 
way  he  was  able  to  carry  out  tor- 
pedo steering  at  a  distance,  and  tests 
which  he  made  in  the  Mediterranean 
with  this  idea  were  very  successful- 
Among  the  actions  which  can  be  carried 
out  at  a  distance  arc  the  lighting  of 
lamps,  starting  o\  motors,  tiring  of 
mines,  and  the  working  of  any  kind  of 
electromagnetic  apparatus.  Different 
kinds  oi  machines  can  be  set  in  move- 
ment to  accomplish  any  desired  opera- 
tion. Thus  it  will  be  seen  that  the  ap- 
paratus has  a  practical  value. 
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DEATH  OF  DR.  S.  D.  CUSHMAN. 

Dr.  Sylvanus  D.  Cushman  died  at  his 
home  in  Minneapolis,  Minn.,  on  March 
i,  1908,  at  the  age  of  89  years.  His 
death  marks  the  end  of  a  career  which 
is  closely  connected  with  events  in  the 
history  of  telephone  development,  for 
Dr.  Cushman  believed  up  to  the  time  of 
his  death  that  he  was  the  rightful  in- 
ventor of  the  telephone,  and  proofs 
which  he  presented  were  so  strong  that 
time  after  time   court   proceedings   were 


resorted  to,  although  he  was  unsuccess- 
ful in  his  efforts  to  substantiate  his 
claims  against  the  Bell  company. 

The  story  of  Dr.  Cushman 's  discov- 
ery, which  is  said  to  have  been  made 
twenty  years  before  that  of  Bell,  is  very 
interesting.  In  185 1  he  was  engaged  in 
building  a  telegraph  line  out  of  Racine. 
Wis.  While  carrying  out  this  work  he 
constructed  a  device  to  be  used  as  a 
lightning  arrester.  The  device  was  sim- 
ple, consisting  of  a  box  containing  two 
electromagnets  connected  with  the 
ground  and  with  the  telegraph  line,  a 
thin  sheet  of  iron  being  placed  near  the 
poles  in  a  position  similar  to  that  occu- 
pied by  the  diaphragm  of  a  telephone 
transmitter  and  immediately  under  a 
hole  in  the  box.  Two  of  these  arresters 
were   connected   to   two   different   point- 


.  on  the  line,  and  while  examining  one  of 
them  during  a  thunderstorm  Dr.  Cush- 
man was  surprised  to  hear  the  croak  of 
a  frog  apparently  coming  from  the  box. 
He  immediately  went  to  the  other  ar- 
rester located  near  a  marsh  and  there 
sure  enough  was  a  large  bullfrog  which 
had  taken  up  its  quarters  near  the  ar- 
rester box.  Xext  day  two  parties  were 
formed,  one  at  each  box,  and  telegraphic 
signals  were  exchanged  from  one  party 
to  the  other.  Then  suddenly  someone 
spoke  into  one  of  the  boxes  and  his 
voice  was  heard  emanating  from  the 
other. 

Such  is  the  story  of  Dr.  Cushman's 
"talking-  box"  as  he  called  it.  It  is  said 
that  for  many  years  he  used  the  device 
only  for  social  entertainments.  Then 
Bell  patented  his  telephone  and  se- 
cured control  of  the  field. 

Since  that  time  the  matter  of  the  in- 
vention of  the  telephone  has  been  under 
litigation  at  intervals  almost  to  the  pres- 
ent time,  Dr.  Cushman  endeavoring  with 
the  energy  and  determination  which 
were  characteristic  of  his  nature  to 
secure  the  rights  which  he  believed  were 
his.  Many  believed  with  him  that  he 
was  the  true  inventor  of  the  telephone. 

Dr.  Cushman  was  an  intimate  friend 
and  associate  of  S.  F.  B.  Morse,  in- 
ventor of  the  telegraph.  Although  a 
graduate  of  two  medical  colleges  he 
gave  up  the  practice  of  medicine  early 
in  life  to  follow  his  inclinations,  which 
were  in  the  line  of  electrical  experiment. 
He  devised  a  fire  alarm  and  telegraph 
system,  and  also  devised  the  cable  type 
?i  liorhtningf  rod. 


ELECTRICAL  NEWS. 


Popular  Electricity  desires  the  active 
co-operation  of  its  readers  in  secur- 
ing news  regarding  things  electrical — old 
things  done  new  ways,  new  things  done 
old  ways — but  always  electrical.  Good 
prices  will  be  paid  for  original  articles 
that  can  be  used.  Let  them  be  interest- 
ing, but  short,  with  good  photographs  or 
diagrams.  Xew  discoveries  and  inven- 
tions, new  installations,  handy  devices 
and  methods  for  electrical  workers — all 
these  things  are  interesting.  We  want 
electrical  news  but  it  must  be  fresh  and 
to  the  point. 
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BOOK    REVIEWS. 

ELECTRICAL  INSTALLATIONS 
OF  THE  UNITED  STATES 
NAVY.  By  Burns  T.  Walling  and 
Julius  Martin.  Annapolis :  The  United 
States  Naval  Institute.  1907.  648 
pages,  with  300  illustrations.  Price 
$6.00. 

This  book  is  a  complete  manual  of  the 
latest  approved  electrical  material  as 
used  by  the  United  States  navy,  includ- 
ing data  as  to  its  use,  operation,  inspec- 
tion, care  and  management,  and  the 
methods  of  installation  on  board  ship. 
As  is  well  known  to  those  who  have  had 
to  do  with  navy  installations,  the  rules 
and  requirements  relative  to  the  char- 
acter, methods  of  installation  and  oper- 
ation of  electrical  apparatus  for  naval 
vessels  are  very  strict,  and  apparatus 
which  will  meet  these  requirements  is 
considered  to  be  the  highest  of  its  class. 
The  book  under  consideration  is  an  ex- 
cellent manual  not  only  for  manufac- 
turers who  contemplate  bidding  on  naval 
specifications  but  for  those  connected 
with  the  navy  in  an  operating  capacity. 
Some  of  the  subjects  taken  up  by  vari- 
ous chapters  in  the  book  are  as  follows : 
Incandescent  lamps ;  generating  sets ;  in- 
spection of  generating  sets  and  motors ; 
interior  and  exterior  communication ; 
wiring  appliances,  etc.,  which  serve  to 
show  the  scope  of  the  book.  In  all  there 
are  15  chapters,  each  containing  in- 
formation and  data  which  is  valuable  to 
any  one  having  to  do  with  the  oper- 
ation of  electrical  machinery. 


THE  BOY  ELECTRICIAN.  By  Ed- 
win J.  Houston,  Ph.  D.  New  York: 
J.  B.  Lippincott  Company.  1907.  326 
pages,  with  11  illustrations.  Price 
$1.50. 

Any  boy  that  can  read  this  book  and 
not  become  absorbed  in  its  contents  must 
lack  those  peculiar  elements  which  go 
into  the  make-up  of  a  real  live  boy.  The 
book  is  written  by  a  man  who,  in  addi- 
tion to  the  multitudinous  duties  of  an 
active  career  in  the  fields  of  science, 
invention  and  teaching,  has  found 
time  to  make  a  careful  study  of 
boy  character  and  at  the  same  time  to 
make  thousands  of  them  his  intimate 
friends.      "The  Bov  Electrician"  is  writ- 


ten in  a  style  to  arouse  the  deepest  sym- 
pathies in  a  boy's  nature  and  at  the 
same  time  to  create  in  him  a  desire  to 
know  more  of  the  wonders  of  electricity. 
It  treats  of  the  adventures  of  two  Phila- 
delphia Grammar  School  boys,  who,  in 
addition  to  a  fondness  for  baseball, 
swimming  and  other  athletic  exercises, 
are  possessed  of  a  marked  liking  for  the 
natural  sciences.  The  story  is  full  of 
fun  and  adventure  and  contains  descrip- 
tions of  experiments  which  may  be  per- 
formed with  simple  electrical  apparatus 
and  intensely  interesting  applications  of 
electricity  which  a  boy  may  make  in 
his  games  and  pastimes. 


COPPER  TUBE  LIGHTNING  ROD 

Experts  of  the  Weather  Bureau,  United 
States  Department  of  Agriculture,  have 
discovered  that  lightning  prefers  to  follow 
a  straight  conductor  rather  than  a  curved 
or  spiral  path.  Many  no  doubt  will  re- 
member the  old  fashioned  lightning  rod. 
which  was  made  of  iron  and  the  surface  of 
which  was  grooved  spirally,  like  an  au- 
ger. Hollow  copper  rods  have  been  found 
to  constitute  the  best  path  for  lightning 
discharges,  even  better  than  solid  copper. 


A  section  of  the  "Ohio"  lightning  rod 
shown  herewith  is  a  good  example  of  the 
modern  idea.  The  rod  is  practically  two 
hollow  tubes  of  copper  joined  by  a  web. 
The  sections  are  made  to  telescope  into 
each  other  so  that  any  desired  length  mav 
be  built  up.  This  rod  can  readily  be  bent 
or  twisted  so  as  to  pass  around  chim- 
neys, ventilators,  etc. 


TELEPHONES  ON  BARBER  CHAIRS. 
Telephones  on  barber  chairs  are 
among  the  late  innovations,  the  first  shop 
so  equipped  being  in  Paterson,  N.  T. 
Through  the  use  of  the  telephone,  it  is 
possible  for  a  business  man.  while  being 
shaved,  to  hold  constant  communication 
with  his  office.  The  barber  in  charge 
states  that  he  put  in  the  telephones  as 
an  experiment,  and  he  has  been  con- 
gratulated by  several  of  his  customers, 
who  are  unanimous  in  their  opinion  that, 
while  the  plan  is  a  novel  one.  it  is  soon 
to  become  popular   in   other   places. 


IN  THEr 


household 


BREAKFAST    PREPARED    ON 

THE  DINING    ROOM  TABLE 


BY  NAN  R.   MARTIN. 


CLEANLINESS,  safety  and  ease  of 
control  make  electricity  the  ideal 
medium  for  cooking.  It  is  instantly 
available  by  the  simple  turning  of  a 
switch  and  almost  no  heat  is  radiated 
from  the  cooking  utensils.  Those  who 
began  its  use  as  a  luxury,  possibly,  now 
look  upon  it  as  a  necessity  and  would 
never  be  reconciled  again  to  coal,  gas  or 
oil  with  their  attendant  smoke,  odor,  and 
soot. 

Electric  cooking  utensils  are  perfectly 
safe  in  every  way  and  are  practically  in- 
destructible. They  are  made  without 
solder,  and  there  is  no  danger  of  leak- 
age. The  heat  is  derived  from  heating 
units  or  coils  which  are  a  part  of  each 
piece  of  apparatus.  These  heating  units 
are  remarkably  long-lived,  but  should 
necessity  require  they  may  readily  be  re- 
placed at  slight  expense. 

All  electric  cooking  devices  are  so 
constructed  that  the  heat  is  generated  di- 
rectly at  the  point  of  application,  and  is 
there  absorbed  by  the  materials  to  be 
cooked.  Just  enough  heat  is  generated 
to  do  the  work  and  no  more,  and  it  is  for 
this  reason  that  cooking  by  electricity 
does  not  perceptibly  increase  the  temper- 
ature of  the  room,  even  on  the  warmest 
days  of  summer. 

Electric  cooking  utensils  may  be  han- 
dled like  ordinary  kitchen  utensils.  They 
are  designed  for  practical  every-day  use 
and  are  not  injured  by  overheating.  They 
are  made    of     non-tarnishing     polished 


aluminum,  nickle  or  silver  plate  and  are 
ornamental  as  well  as  practical  for  kitch- 
en use. 

One  of  the  advantages  of  an  electrical 
cooking  equipment  which  will  appeal  to 
the  housewife  is  the  possibility  of  pre- 
paring a  dainty  breakfast  right  in  the 
dining  room,  the  utensils  used  being  an 
electric  coffee  percolator,  chafing  dish 
and  bread  toaster.  These  may  be  placed 
on  the  table.  Each  article  is  furnished 
with  eight  feet  of  flexible  cord,  a  detach- 
able connector  and  an  attaching  plug, 
which  will  fit  any  ordinary  lamp  socket 
and  is  always  ready  for  immediate  use. 
All  that  is  necessary  is  to  take  out  a 
lamp  and  insert  the  plug,  and  heat  is 
then  immediately  available.  Five  cups 
of  coffee  may  be  made  in  fifteen  min- 
utes, using  cold  water  to  start. 

The  delicious  flavor  and  fragrant 
aroma  of  really  good  coffee  depends  as 
much  upon  the  making  as  on  the  coffee 
itself.  Many  believe  that  to  have  good 
coffee  one  must  buy  the  most  expensive 
brand.  This  is  not  a  fact,  as  a  cheaper 
grade  may  be  used  with  satisfactory  re- 
sults, owing  to  the  scientific  principle  up- 
on which  the  percolator  is  constructed. 
Steam  generates  under  a  bell  valve  in 
the  percolator  and  water  and  steam  are 
forced  up  through  a  tube  into  a  glass 
globe,  which  contains  the  coffee.  The 
lower  metal  portion  of  the  percolator 
which  fits  into  the  base  of  the  globe  is 
perforated,  and  the  water  falls  in  a  fine 


POPULAR    ELECTRICITY 


spray  on  the  coffee  and  percolates  back 
into  the  lower  part.  By  this  circulating 
process  the  entire  strength  of  the  coffee 
is  extracted  in  the  most  economical  man- 
ner, without  the  harmful  ingredients, 
and  a  beverage  of  delicious  flavor,  and  of 
any  desired  strength,  is  produced. 

Another  good  feature  of  the  electric 
coffee  percolator  is  the  fact  that  it  is  not 
necessary  to  use  anything  to  clear  the 
coffee. 

The    percolators    are    made    with    the 


without  the  inconveniece  of  gas  or  alco- 
hol. There  are  no  soldered  seams.  The 
inside  is  sheet  copper  tinned,  and  the 
outside  polished  sheet  aluminum.  They 
are  also  made  in  copper,  nickel  or  silver 
plate,  and  may  be  obtained  with  the  stove 
separate,  to  which  the  chafing  dish  may 
be  clamped  by  a  simple,  quick  working 
device  which  insures  perfect  heating  con- 
tact. They  may  also  be  used  as  a  double 
boiler,  or  single  boiler  for  vegetables,  or 
as  a  frying  pan.   In  some  types  a  regulat- 


heating  unit  inside  the  article.  The  urn 
and  stove  are  separate,  but  a  clamping 
device  secures  them  in  perfect  heating 
contact. 

Possibilities  of  the  chafing  dish  were 
never  fully  realized  until  electricity  was 
used  as  a  source  of  heat.  These  dishes 
are  made  with  the  heating  unit  inside  the 
article.  They  develop  two  degrees  of 
heat,  one  high  and  one  comparatively 
low,  and  consist  of  a  food  pan  and  a 
blazer.  They  can  be  used  for  preparing 
many  dainty  breakfast  dishes,  as  well  as 
luncheons     and     after-theater     suppers. 


ing  switch  beneath  the  stove  gives  three 
degrees  of  heat,  each  one  steady,  even 
and  dependable,  an  important  considera- 
tion in  good  cooking.  There  are  six 
inch  electrical  stoves  made  which  fit 
either  chafing  dish  or  percolator,  and  the 
stove  can  be  used  at  any  time  to  keep 
food  warm  on  the  table. 

As  an  auxiliary  to  the  dining  room 
furniture  a  chafing  dish  table  is  very 
desirable.  It  makes  a  convenient  stand 
for  the  chafing  dish,  percolator  and  toas- 
ter, and  is  provided  with  suitable  con- 
nections. 
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One  of  the  most  important  utensils 
for  the  preparation  of  a  breakfast  in  the 
dining  room  is  the  electrical  toaster.  It 
can  be  used  by  any  member  of  the  fam- 
ily and  may  be  placed  on  the  dining  room 
table  in  front  of  the  person  using  it.  The 
toaster  may  be  used  for  a  great  variety 
of  purposes  such  as  making  toast,  warm- 
ing shredded  wheat  biscuits,  toasting  wa- 
ter crackers,  etc.  These  may  be  eaten 
while  hot,  without  the  necessity  of  run- 
ning back  and  forth  from  the  kitchen. 

Following  are  two  dainty  dishes  which 
may  be  prepared  with  a  chafing  dish  and 
which,  together  with  toast  and  coffee, 
make  a  very  acceptable  breakfast. 

Scrambled  Eggs  With  Tomato. 

5  eggs. 

i  cupful  of  tomatoes. 

Salt  and  pepper. 

Beat  the  eggs  in  a  bowl  long  enough  to 
blend  the  whites  and  yolks.  Add  tomatoes 
drained  and  chopped  quite  fine.  Salt  and  pep- 
per.    Serve  on  hot  toast  and  hot  plates. 

Chopped  oysters  or  ham  and  bacon  in  place 
of  tomatoes  make  an  appetizing  dish. 

Blanquette  of  Chicken. 

i  pint  cold  chicken  cut  in  small  squares. 

i  tablespoon  butter. 

i  heaping  tablespoon  flour. 

Y-z  cup  white  stock. 

Yolks  of  two  eggs. 

Y-2  cup  cream. 

Parsley,  salt,  pepper  and  lemon. 

Stir  butter  into  flour  before  it  browns.  Add 
stock,  a  little  lemon  juice,  white  pepper,  salt, 
then  cream.     Boil  at  once  and  add  chicken. 

Use  low  heat  and  simmer  eight  minutes, 
then  add  the  eggs,  well  beaten.  Stir  in  chopped 
parsley  and   serve  on  hot  toast. 


A  NOVEL  ENTERTAINMENT. 
A  small  company  of  women  can  be 
amused  by  a  cooking  contest.  Provide 
enough  chafing  dishes  for  half  the  num- 
ber present,  a  "cook"  and  "helper"  be- 
ing assigned  to  each  one.  Each  couple 
brings  the  material  for  a  dish  which 
can  be  cooked  in  fifteen  minutes.  These 
dishes  are  passed  around  and  tried,  and 
to  the  maker  of  the  best  concoction  is 
voted  a  chafing  dish  as  prize.  A  club 
could  purchase  this  by  contribution — a 
second  prize  being  awarded  the  most 
efficient  "helper."  The  chafing  dishes 
can  be  borrowed  for  the  contest.  Where 
electricity  is  available  in  the  house,  elec- 
tric chafing  dishes  should  be  brought, 
as  results  may  be  obtained  much  more 
expeditiously. 


COST  OF  COOKING  BY  ELEC- 
TRICITY. 

A  determination  of  the  cost  to  the 
average  family  of  cooking  by  electricity 
is  difficult  to  make  because  of  the 
scarcity  of  authentic  figures  and  the 
varying  conditions  in  different  cities  and 
families.  The  following  letter  published 
by  the  Portland  (Oregon)  Railway 
Light  and  Power  Company  from  one  of 
its  customers  gives  some  data  on  the 
subject. 

The  outfit  on  which  the  figures  were 
based  consisted  of  the  following  de- 
vices :  One  oven ;  one  broiler ;  one  eight 
inch  disk  stove;  one  seven  inch  frying 
pan;  one  coffee  percolator,  300-watt 
size ;  one  five  inch  frying  pan ;  two  two- 
quart  combination  cookers ;  one  chafing 
dish;  one  one-quart  water  heater. 

The  average  amount  of  current  con- 
sumed per  day  during  the  test  was  2.76 
kilowatt-hours,  which  at  five  cents  per 
kilowatt-hour  amounts  to  13.8  cents  per 
day,  or  $3.87  for  the  28  days  of  the  test. 

The  first  two  weeks  of  the  above  rec- 
ord there  were  two  in  the  family.  The 
last  two  weeks  there  were  three.  The 
cooking  was  done  on  the  electric  outfit 
exclusively.  The  cost  per  person  per 
day  was   5^  cents. 

In  comparing  this  with  gas  it  was 
found  that  the  gas  bill  used  to  run,  for 
the  same  service,  from  $2  to  $3.50  per 
month,  depending  on  the  time  of  the 
year. 

The  advantages  of  the  electric  outfit 
which  would  offset  the  difference  in 
charge,  are  the  cleanliness  of  the  uten- 
sils ;  also  the  absolute  lack  of  of- 
fensive odor  during  the  operation  of 
cooking.  The  latter  reason  is  one  of 
the  strongest  points  in  favor  of  the  use 
of  electricity.  Many  became  nearly  nau- 
seated from  the  offensive  odor  of  the 
gas  and  are  practically  unable  to  cat 
after  cooking  the  meal. 


An  incandescent  lamp  in  its  green 
shade  will,  when  turned  upward  toward 
the  ceiling,  spread  a  soft  and  pleasantly 
diffused  light  plenty  strong  enough  for 
a  room  where  no  reading  is  to  be  done. 
When  the  lamp  is  used  in  this  way  no 
shadows  are  cast. 
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HOUSE  CLEANING  SIMPLIFIED. 

The  thoroughness  with  which  electric 
renovators  do  their  work  assures  the 
housekeeper  that  the  dust  and  dirt  will 
be  kept  down  to  a  minimum,  not  only  im- 
mediately   after    a    spasmodic    old-fash- 


ioned spring  house  cleaning,  but  every 
day  in  the  year,  or  whenever  the  ma- 
chine is  used.  In  this  way,  the  home  is 
always  thoroughly  cleaned,  and  sanitary 
conditions  more  fully  observed. 

The  Invincible  electric  renovator,  as 
described  in  The  Electric  City,  is  a  ma- 
chine operated  by  electricity  for  nearly 
all  kinds  of  house  cleaning  purposes  and 
can  be  easily  handled,  deriving  its  elec- 
tricity from  the  nearest  electric  lighting 
fixture. 

The  machine  is  made  in  two  sizes — 
one  known  as  the  domestic  size,  and  the 
other  as  the  commercial  size.  The  for- 
mer is  for  use  in  private  residences,  and 
the  latter  better  adapted  to  the  require- 
ments of  hotels,  large  apartment  build- 
ings, etc. 

The  commercial  machine  contains  a 
brush  in  the  carpet  sweeping  attachment, 
which  is  revolved  rapidly  by  the  electric 
motor,  which  also  operates  a  double  fan. 
The  position  of  the  brush  is  adjusted  ac- 


cording to  the  kind  of  material  across 
which  it  is  to  be  moved.  An  important 
advantage  of  this  machine  is  the  fact 
that  it  will  take  care  of  paper,  matches, 
cigar  stubs,  and  similar  small  article- 
which  may  be  on  the  floor,  depositing 
them  the  same  as  it  does  the  dust  and 
fine  dirt  in  the  separator,  which  is  easily 
removed  at  any  time  and  the  contents 
disposed  of. 

As  will  be  seen  from  the  illustrations, 
the  machine  has  a  flexible  hose  connec- 
tion, providing  for  the  use  of  special 
cleaning  tools  with  which  delicate  cur- 
tains, portieres  and  tapestries,  clothing 
and  similar  articles,  and  upholstered  fur- 
niture, may  be  quickly  and  thoroughly 
cleansed.  By  the  use  of  these  attach- 
ments, out-of-the-way  places  beyond  or- 


dinary reach  or  under  and  behind  heavy 
furniture,  radiators,  etc..  are  easily 
reached. 


ELECTRIC  FAN  FOR  DRYING  CLOTHES. 

Those  who  have  electric  tans  will  find 
them  useful  in  winter  as  well  as  in  sum- 
mer. A  fan  placed  near  a  stove  will 
quickly  dry  clothes  placed  in  front  by 
blowing  a  strong  current  of  warm,  dry 
air  on  them. 


JUNIOR. 
SECTION 


NEW  ELECTRICAL  GAME. 

Xo  end  of  fun  can  be  obtained  from 
the  Knapp  electric  questioner,  which  is 
the  latest  electrical  game.  Each  ques- 
tioner consists  of  a  neat  case  containing 
a  battery  and  a  small  induction  coil  and 
buzzer,  with  circuits  connected  to  a  num- 
ber of  metal  pins  arranged  in  the  body 
of  the  case,  as  shown  in  the  picture.  Each 
outfit  includes  12  sets  of  cards  with  per- 
forations to  fit  over  the  metal  pins. 
There  are  two  sets  of  24  pins  each,  one 
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set  on  the  left  side  of  the  box  and  one  set 
on  the  right  side.  The  cards  as  they  are 
fitted  over  the  pins  contain  24  questions 
on  the  left  half  and  the  24  answers  on 
the  right  half  of  the  case.  It  is  im- 
possible, however,  to  know  which  an- 
swer fits  which  question  without  the  use 
of  the  electric  battery  and  buzzer.  To 
operate  the  questioner  proceed  as  fol- 
lows :  Place  the  key  attached  to  the 
left  flexible  cord  on  the  pin  over  any 
question  desired.  Next  take  the  key  at- 
tached to  the  flexible  cord  on  the  ri^ht 


and  tap  the  pins  which  are  located  over 
the  answers  on  the  right  hand  side  of  the 
card.  When  the  key  touches  the  pin 
over  the  correct  answer  the  buzzer 
sounds  a  signal  and  the  answer  may  then 
be  read  off. 


ELECTRIC  SEARCHLIGHT  FOR  THE  CAMP. 

Plans  will  soon  be  in  order  for  the 
summer  camping  trip  and  it  is  a  good 
idea  to  begin^  to  make  a  list  right  now 
of  the  little  things  which  help  to  make 
camp  life  pleasant.  One  of  the  most 
useful  little  electric  devices  is  the  pocket 
searchlight.  Most  boys  have  probably 
owned  one  of  these  searchlights  at  some 
time  or  other.  But  did  you  ever  take  one 
along  on  a  camping  trip?  Perhapb  you 
are  returning  to  camp  through  the 
woods  after  dark.  The  searchlight  will 
save  you  many  bruised  shins.  If  you 
wish  to  enter  the  tent  quietly  without 
disturbing  the  other  occupants  you  can 
do  so  without  stepping  on  your  com- 
rades and  bringing  down  on  yourself  a 
storm  of  shoes,  sticks,  etc.,  which  al- 
ways seem  to  be  ready  at  hand  on  such 
occasions. 

These  searchlights  may  be  obtained 
at  most  novelty  stores.  For  a  very  rea- 
sonable price  you  may  secure  a  very 
serviceable  one  with  metal  case  covered 
with  a  soft  leatherette  outer  covering. 
All  of  the  exposed  metal  parts  are 
heavily  nickel-plated.  The  lamp  is 
actually  of  two  candlepower,  but  the 
special  reflector  and  lens  make  the  light 
a  powerful  one.  The  battery  will  illumi- 
nate a  light  of  this  kind  many  thousand 
times. 
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HOW  TO  MAKE  A  MAGNETIC 
SNAKE. 

Very  little  material  is  necessary  to 
make  a  magnetic  snake,  and  a  great 
deal  of  amusement  may  be  had  from 
this  simple  device. 

First,  cut  several  circles  out  of  heavy 
cardboard,  about  three  inches  in  diam- 
eter, and  glue  them  firmly  together. 
This  will  make  a  disk  (A)  of  sufficient 
weight  for  the  body  of  a  top.  The 
stem  of  the  top  (B)  should  be  made  of 
heavy  steel  wire,  the  stem  being  passed 
through  the  center  of  the  circle,  which 
should  be  reinforced  by  a  small  disk  in 
the  middle  as  shown. 

The  stem  should  first  be  magnetized, 
however,  and  this  may  be  done  as  fol- 
lows: Draw  the  wire  across  the  marked 
end  of  a  horseshoe  magnet  in  the  di- 
rection of  its  length.  Lift  the  wire 
from  the  pole  of  the  magnet  several 
inches  and  then  bring  it  down  again  on 
the   same   pole,    and   draw   it   across   as 


MAGNETIC     SNAKE. 

before.  Repeat  this  several  times  and 
the  steel  wire  will  be  found  to  be  mag- 
netized. Do  not  rub  the  wire  back  and 
forth  across  the  magnet. 

Having  now  made  the  wire  a  magnet 
push  it  through  a  hole  in  the  center  of 
the  disk  and  the  top  is  complete,  ready 
to  be  spun  with  the  fingers. 

Use  a  soft  iron  wire  for  the  snake, 
bent  as  shown  in  the  cut.  Spin  the  top 
in  a  dent  made  in  a  smooth  board,  and 
place  the  snake  against  the  revolving- 
stem.  The  magnetism  in  the  stem  will 
cause  the  snake  to  move  about  in  a  pe- 
culiar  manner. 


ELECTRIC  DANCERS. 

Take  the  bottom  of  a  round  tin  box, 
making  it  quite  shallow,  and  in  the  bot- 
tom place  several  small  pieces  of  carbon, 
secured  by  burning  a  match   to   a   coal 


GLASS  PLATE 


ELECTRIC   DANCERS. 

and    breaking    off    small    pieces    of    the 
charred   wood. 

Over  the  tin  box  place  a  sheet  of 
glass,  and  rub  the  glass  briskly  with  a 
flannel  cloth.  This  rubbing  of  the  glass 
with  wool  generates  what  is  known  as 
static  electricity,  and  as  soon  as  the 
pieces  of  carbon  feel  the  effects  of  this 
electricity  they  begin  to  dance   a   lively 

jig- 

The     glass      should     be     thoroughly 

warmed    to    remove    all    moisture    from 

the  surface,  and  the  flannel  should  also 

be   warmed   in   damp   weather. 


A  WAY  TO  ELECTROCUTE  FLIES. 

A  screen  for  electrocuting  flies  is 
easily  made  and  offers  a  source  of  much 
amusement.  A  device  of  this  descrip- 
tion was  made  by  a  Chicago  man  and 
was  found  'to  work  admirably.  The 
screen  was  made  with  the  wires  running 
in  one  direction  connected  to  one  ter- 
minal of  a  small  dynamo  and  the  cross 
wires  connected  to  the  other  terminal. 
The  two  sets  of  wires  were  insulated 
from  each  other. 

When  Mr.  Fly  comes  along  and  lights 
airily  on  the  screen  the  fun  begins.  Xo 
sooner  does  the  fly  touch  the  screen  and 
rest  with  his  legs  touching  the  two 
sets  of  wires  than  he  stiffens  out  and 
is  done  for.  The  electrocution  is  ac- 
complished without  pain  to  the  fly, 
judging  from  the  quickness  with  which 
he     doubles     up.       The     fly.     moreover. 
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never  comes  to  life  after  sitting  on  this 
improvised  electric  chair. 

Current  strong  enough  to  electrocute 
flies  may  be  barely  perceptible  to  the 
human   touch,   and  is   entirely   harmless. 


The  current  from  a  small  toy  dynamo 
would  be  amply  sufficient.  These  screens 
might  be  made  up  in  squares  and  hung 
in  different  parts  of  a  room,  and  there- 
by  made  to   serve  a   useful  purpose. 


HOW  I  BECAME  AN  ELECTRICAL  ENGINEER. 


BY  AN  ELECTRICAL  ENGINEER. 


"\  T  J  HEN  I  was  a  boy  living  in  a 
Y/V/  town  in  southern  Pennsylvania, 
the  thought  came  into  my  head 
that  I  would  like  to  know  something 
about  the  wonderful  agent,  electricity. 
There  was  an  old  power  house  in  our 
town,  which  supplied  light  to  the  streets 
and  stores.  People  in  those  days  did  not 
use  electricity  in  their  homes.  It  was  too 
expensive  and  they  were  afraid  of  it. 

Oftentimes  I  would  go  to  the  power 
house  and  watch  the  dynamos  grind  out 
the  "juice."  I  would  stand  and  watch 
and  watch  those  old  armatures  revolve  at 
a  terrific  speed.  About  this  time  my  par- 
ents moved  to  a  smaller  town  some  sixty 
miles  distant,  and  here  was  a  much  older 
station  with  one  boiler,  one  engine  and 
one  dynamo.  At  this  place  I  secured 
employment  without  compensation,  and 
my  experience  began. 

The  plant  ran  from  dusk  until  ten 
o'clock  on  Sunday  night,  twelve  o'clock 
on  Saturday  night  and  eleven  o'clock 
every  other  evening  during  the  week. 
This  was  a  strange  schedule  and  quite 
frequently  the  plant  shut  down  when 
light  was  most  needed.  Something  would 
go  wrong.  Probablv  the  fireman  had 
fallen  asleep  and  let  the  steam  go  down, 
or  perhaps  there  had  been  no  oil  put  in 
the  bearings  and  they  had  heated.  In  this 
instance  the  engine  was  shut  down  and 
a  water  hose  turned  on  the  heated  bear- 
ing. When  it  had  cooled  we  would  start 
the  engine  again.  I  remember  well,  at 
one  time,  a  small  bolt  on  the  governor  of 
the  engine  struck  my  elbow  while  I  was 
oiling  the  eccentric.  The  engineer  shut 
down  the  plant  and  ran  for  a  doctor,  who 
put  four  stitches  in  the  wound  and 
placed  my  arm  in  a  sling.  After  the 
operation  the  plant  was  again  started. 
Always  before  the  plant  was  shut  down 
we  would  blow  a  whistle,  and  just  before 
starting  the  whistle  would  be  blown 
again,  this   was  to  give  warning  to   the 


people  that  something  had  gone  wrong. 

I  became  tired  of  this  irregular  work 
and  secured  a  position  out  in  Ohio  in  an 
electrical  manufacturing  works.  My 
wages  were  fifteen  cents  per  hour,  ten 
hours  per  day.  Here  I  was  put  to  dip- 
ping armature  leads  in  a  pot  of  hot  sol- 
der, first  the  leads  were  dipped  in  an 
acid  solution,  then  in  the  solder.  It  was 
summer  time  and  the  intense  heat  of  the 
solder  combined  with  the  heated  tem- 
perature of  the  shop  was  almost  beyond 
endurance.  I  worked  with  sleeves  rolled 
up  and  often  with  nothing  but  an  under- 
shirt for  protection  against  the  heat. 
However,  the  acid  and  heat  soon  pois- 
oned my  hands,  face  and  body.  I  could 
not  endure  this  kind  of  work  longer,  so 
was  put  to  dipping  armature  disks  and 
coils  in  black  insulating  paint.  Then  I 
was  allowed  to  wind  armature  and  field 
coils,  assemble  machines  and  test  them 
out.  On  one  test  I  was  housed  in  twen- 
ty-four hours  without  a  bite  to  eat  and 
was  as  hungry  as  a  bear.  Then  the  shop 
superintendent  came  in  with  one  ham 
sandwich  for  me.  I  felt  like  throwing  it 
in  his  face  and  telling  him  to  eat  it  him- 
self. However,  I  got  "even"  with  him 
a  few  days  afterward.  We  were  solder- 
ing some  armature  taps.  I  started  the 
gasoline  torch  and  "squirted"  the  gaso- 
line in  his  eye.  He  was  very  angry, 
cursed  me  and  kicked  me  out  of  the 
shop.  I  thought  surely  he  would  "fire" 
me,  but  he  didn't. 

After  spending  about  a  year  in  this 
place  the  thought  came  to  me  that  I 
would  like  to  have  a  technical  education, 
thinking  that  it  would  be  a  help  in  se- 
curing a  better  position.  So  I  entered  an 
eastern  technical  school  in  New  York 
state,,  where  I  went  through  the  regu- 
lar course  of  study  in  electrical  engineer- 
ing and  graduated  with  a  good  standing 
in  my  class.  While  at  college  I  helped 
myself   financially   by   waiting   on   tables 
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in  a  boarding  house  and  doing  other  odd 
jobs  wherever  I  could  pick  them  up. 
During  vacations  I  was  employed  as 
draftsman  with  various  concerns. 

After  graduation  I  secured  a  position 
as  electrical  inspector  in  New  York  City, 
this  work  brought  me  in  contact  with  all 
classes  of  people.  Having  spent  a  little 
over  a  year  in  this  work  it  was  my  good 
fortune  to  secure  the  position  of  con- 
structing superintendent  of  an  electric 
light  and  power  plant  (water  power)  in 
a  town  of  five  thousand  inhabitants  out 
in  Ohio.  It  was  in  the  spring  of  the 
year  when  I  undertook  this  work.  I  had 
plenty  of  ambition  and  a  stock  of  "hustle- 
ness."  Within  three  months  I  had'  the 
system  in  complete  working  order.  When 
the  street  lighting  circuits  were  put  into 
operation  it  was  a  great  blessing  to  me 
to  hear  the  people  cheer  and  shout.  I 
was  retained  as  manager  of  the  company 
and  have  made  the  business  a  paying  one 
from  the  beginning. 

My  advise  to  any  young  man  desiring 
a  knowledge  of  electrical  engineering  is 
to  first  get  some  experience,  then  when 
you  enter  a  good  technical  school  you 
will  find  this  experience  of  much  benefit. 
You  cannot  expect  to  make  a  success  if 
you  are  addicted  to  intoxicants  and  other 
immoral  pursuits.  Do  not  expect  too 
much  salary  after  graduation,  take  fifty 
dollars  a  month  if  it  is  offered  to  you. 
Eventually,  by  application  and  thorough- 
ness in  your  work,  you  will  earn  more. 
At  all  times  be  a  gentleman. 


THE  TELEPHONE  IN  NEWSPAPER  WORK. 
On  some  of  the  daily  papers  in  the 
large  cities  there  are  reporters  of  the 
regular  staff  who  do  not  see  the  office 
for  weeks,  or  even  months,  at  a  time. 
Their  salaries  are  sent  to  them  by  mes- 
sengers. They  receive  their  assignments 
by  telephone,  and  after  getting  their 
stories  they  telephone  the  facts  to  the 
office.  If  the  story  is  a  particular  "rush" 
affair  the  reporter  dictates  into  the  re- 
ceiver to  the  man  in  the  office,  who  raps 
it  off  on  a  typewriter.  Such  a  reporter's 
tolls  may  amount  as  high  as  forty  or 
fifty  "calls"  a  day.  Some  of  the  papers 
have  a  rule  that  every  reporter  must  call 
up  the  office  once  every  half  hour, 
whether  there  is  any  news  to  be  given 
or    not.      Thus    a    city    editor    may    keep 


constantly  in  touch  with  fifteen  or  twen- 
ty men  who  are  "on  assignments"  and 
is  able  to  take  a  man  from  a  compara- 
tively unimportant  assignment  and  send 
him  "on  the  jump"  to  the  scene  of  a 
"big  story." 

The  telephone  is,  furthermore,  in- 
valuable in  a  newspaper  office  in  obtain- 
ing long-distance  news  in  a  hurry.  It 
often  beats  the  telegraph. 


UNCLE  SAM'S  NAVAL  ELECTRICIANS. 

Young  men  who  have  electrical  ex- 
perience and  who  love  the  sea,  or  young 
men  who  are  seamen  and  have  electrical 
inclinations,  will  find  abundant  oppor- 
tunity to  follow  their  inclination  by  en- 
tering the  naval  electrical  school  main- 
tained at  the  New  York  Navy  Yard. 
The  entrance  examination  is  not  hard 
and  there  are  plenty  of  opportunities 
ahead.  While  the  boys  are  studying 
they  will  receive  full  pay  and  allow- 
ances— kit,  board,  books  and  material — 
without  cost.  They  may,  too,  if  they 
are  favorably  passed  upon,  be  entered 
as  landsmen.  That  is  to  say,  they  will 
when  competent  be  placed  in  charge  of, 
or  stationed  at,  one  of  the  numerous 
land  electrical  plants  connected  with 
the  Navy,  be  it  wireless  or  otherwise. 

If  the  young  sea  electrician  goes 
through  the  full  course  he  will  be  en- 
gaged for  twenty-one  weeks,  learning 
all  about  electric  whistles,  wdreless 
telegraphy,  electric  searchlights,  sig- 
naling, electric  dinkey  engines,  ma- 
chinery for  hoisting  and  operating  the 
big  guns  and  many  an  unusual  thing. 

Naval  electricians  are  divided  into 
three  classes.  When  finally  passed 
through  the  schools  in  the  ordinary  way 
the  naval  electrician  enters  the  third 
class  and  draws  $30  a  month  with  the 
usual  allowances.  While  a  student  he 
gets  $16  a  month.  As  a  chief  elec- 
trician he  will  draw  $60  a  month  at  the 
start  and  the  usual  allowances  with  good 
food  and  opportunities  for  a  tine  experi- 
ence. Uncle  Sam  takes  good  care  of 
his  electricians,  as  there  is  need  of  them 
all  the  time,  and  each  year  this  need  be- 
comes more  and  more  imperative.  The 
use  of  electricity  on  warships  is  becom- 
ing more  general,  for  it  is  the  electrical 
asre   in   the   \aw  as   elsewhere. 
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WIRE  FENCES  USED  FOR  TELE- 
PHONING. 

W.  D.  Hornaday  describes  in  the 
Western  Electrician  a  method  by  which 
fence  wires  are  extensively  used  in  the 
West  and  Southwest  by  the  United 
States  Army  Signal  Corps.  In  some 
localities  the  fence  wires  are  converted 
into  regular  telephone  lines  from  10  to 
30  miles  long. 

In  the  military  maneuvers  that  take 
place  in  the  ranch  region,  the  Signal 
Corps  plays  an  important  part  in  di- 
recting the  movement  of  the  troops  by 
these  improvised  telephones.  In  some 
localities,  where  the  country  is  rough 
or   heavily   wooded,    it   is   impossible   to 


this     fence    riders    are    constantly    em- 
ployed. 

The  equipment  consists  of  a  ground- 
ing piece  and  a  transmitter  and  receiver. 
It  is  easily  carried  from  place  to  place, 
and  mounted  on  horses  the  Signal  Corps 
is  able  to  rush  from  place  to  place, 
changing  the  telephone  attachment  from 
one  fence  to  another  as  the  necessity  of 
communication  demands. 


A  SIMPLE  INDUCTION  MOTOR 

The  very  simplest  form  of  induction 
motor  is  constructed  as  shown  in  the 
accompanying  illustration.  It  probably 
doesn't  have  more  than  one  fly  power, 
but  it  is  an  induction  motor  for  all  that. 


COMPASS 


ELECTROMAGNET 


BATTERY 


KEY 
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SLMPLE    INDUCTION    MOTOR. 


convey  the  signals  from  one  point  to 
another  by  the  usual  method  of  flags 
or  other  visual  signals.  It  is  then  that 
the  telephone  is  brought  into  play.  Each 
detachment  of  Signal  Corps  men  is 
equipped  with  a  field  telephone  attach- 
ment. It  requires  the  work  of  but  a 
minute  or  two  to  connect  this  attach- 
ment with  a  fence  wire  and  to  get  in 
direct  communication  with  headquarters. 
The  use  of  the  fence  wires  for  tele- 
phone communication  obviates  the  ne- 
cessity of  constructing  temporary  field 
telephone  lines  by  the  Signal  Corps.  It 
sometimes  happens  that  a  little  difficulty 
is  obtained  in  using  the  wires  on  ac- 
count of  some  poor  connection  or  break, 
but  it  usually  does  not  take  long  to  dis- 
cover and  remove  the  cause  of  the 
trouble.  On  some  of  the  big  ranches 
straight  lines  of  wire  fences  50  to  75 
miles  long  are  frequently  found,  and 
these  afford  excellent  opportunity  for 
good  military  field-telephone  service.  As 
a  matter  of  necessity,  all  ranch  fences 
must   be   kept    in   good   repair.      To    do 


It  shows  that  magnetism  has  the  power 
to  act  through  space  in  a  very  remark- 
able manner.  The  materials  required 
are  a  small  compass,  a  few  feet  of  in- 
sulated copper  wire,  a  dry  battery,  and 
a  wire  nail. 

Wind  a  few  turns  of  the  insulated 
wire  around  the  wire  nail  as  shown, 
taking  care  not  to  wind  the  wire  on 
double,  but  to  simply  wind  one  strand 
around  the  nail,  allowing  the  coil  thus 
formed  to  cover  up  the  other  strand. 
This  forms  what  is  known  as  an  elec- 
tromagnet. Connect  one  end  of  the 
wire  to  one  terminal  of  the  battery  and 
the  other  end  to  a  simple  key.  Next 
run  a  wire  from  the  key  to  the  other 
side  of  the  battery.  The  key  is  simply 
a  little  switch  to  open  and  close  the 
circuit  suddenly. 

Next  place  the  compass  at  such  a  dis- 
tance from  the  end  of  the  electro-mag- 
net that  it  is  barely  attracted.  Then 
open  and  close  the  circuit  regularly  by 
means  of  the  key  and  the  needle  will 
be  made  to  revolve  rapidly. 
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Jakey — Fadder,  a  shentlemans  haf  fall- 
en troo  de  coal-hole ! 

Isaac — Clap  de  cover  ofer  him,  ker- 
viek,  mein  sohn,  vile  I  runs  for  a  police- 
mans.  Ve  must  arrest  him  for  tryin'  to 
steal  te  coals,  or  he'll  sue  us  for  tamages. 


Of  all  the  funny  sights  to  be  seen  on 
a  street  car  the  most  interesting  is  the 
shopper — the  woman,  of  course.  She 
gets  on  the  car;  opens  her  satchel,  takes 
out  a  purse,  closes  the  satchel,  opens  the 
purse  and  takes  out  a  dime,  closes  the 
purse,  open  the  satchel,  puts  in  the  purse, 
and  closes  the  satchel.  The  conductor 
comes  along,  the  lady  hands  him  the 
dime  and  receives  a  nickel  in  change. 
She  opens  the  satchel,  takes  out  the 
purse,  closes  the  satchel,  opens  the  purse, 
puts  the  nickel  in,  closes  the  purse, 
opens  the  satchel,  puts  the  purse  in,  and 
then  closes  the  satchel  and  proceeds  to 
look  dignified. — Star  Monthly. 


Ding,  dong,  bell, 
Pussy's  in  the  well, 
Who  put  her  in? 
Little  Johnny  Green. 
Who  pulled  her  out? 
The   sanitary   commission   the   follow- 
ing summer. 


Slow  Waiter — Have  I  ever  been  in  the 
country,  sir?  No,  sir.    Why  do  you  ask? 

Tired  Customer — I  was  just  thinking 
how  thrilling  you'd  find  it  to  sit  on  the 
fence  and  watch  the  tortoises  whiz  by. — 
Tit-Bits. 


A  New  York  man  is  about  to  patent 
an  invention  which  he  expects  will  make 
him  rich  and  famous.  By  pressing  an 
electric  button  a  large  sign  appears  in 
the  kitchen  indicator,  saying,  "You  are 
discharged."  In  this  way  the  mistress 
of  a  home  can  dismiss  her  cook  and 
stay  quietly  locked  in  her  bedroom  until 
that  lady  has  departed. 


"Have    you    movable    or    immovable 
property  ?" 

"It's  hard  to  tell." 
"How  is  that?" 
"Why,  I  own  an  auto." 


"Yes,"  said  the  Suffragist  on  the  plat- 
form, "women  have  been  wronged  for 
ages.  They  have  suffered  in  a  thousand 
ways." 

"There  is  one  way  in  which  they  never 
suffered,"  said  a  meek-looking  man. 
standing  up  in  the  rear  of  the  hall. 

"What  way  is  that?"  demanded  the 
Suffragist. 

"They  have  never  suffered  in  silence." 


Manager  of  gas  company  questioning 
applicant  for  meter  inspector :  "Please 
understand  that  this  company  will  not 
tolerate    drinking." 

Applicant:  "No,  sir.  I  can't  drink, 
sir.  One  drink  always  makes  me  sec 
double." 

Manager:  "Well — er — you  might 
take  just  one  drink  before  you  start  to 
inspect  meters." 


ELECTRICAL  DEFINITIONS. 


Alternating  Current. — That  form  of 
electric  current  the  direction  of  flow  of 
which  reverses  a  given  number  of  times 
per  second. 

,  Ampere. — Unit  of  current.  It  is 
the  quantity  of  electricity  which  will 
flow  through  a  resistance  of  one  ohm 
under  a  potential  of   one  volt. 

Anode. — The  positive  terminal  in  a 
broken  metallic  circuit ;  the  terminal 
connected  to  the  carbon  plate  of  a  bat- 
tery. 

Armature. — That  part  of  a  dynamo 
or  motor  which  carries  the  wires  that 
are  rotated  in  the  magnetic  field. 

Circuit. — Conducting  path  for  electric 
current. 

Circuit-breaker. — Apparatus  for  auto- 
matically opening  a  circuit. 

Commutator. — A  device  for  chang- 
ing the  direction  of  electric  currents. 

Condenser. — Apparatus  for  storing  up 
electrostatic  charges. 

Direct  Current. — Current  flowing  con- 
tinuously in  one  direction. 

Efficiency. — Relation  of  work  done  by 
a  machine  to  energy  absorbed. 

Electrode. — Terminal  of  an  open 
electric  circuit. 

Electrolysis. — Separation  of  a  chemi- 
cal compound  into  its  elements  by  the  ac- 
tion of  the  electric  current. 

Electromagnet. — A  mass  of  iron  which 
is  magnetized  by  passage  of  current 
through  a  coil  of  wire  wound  around  the 
mass  but  insulated  therefrom. 

Field  of  Force. — The  space  in  the 
neighborhood  of  an  attracting  or  repell- 
ing mass  or  system. 

Fuse. — A  short  piece  of  conducting 
material  of  low  melting  point  which  is 
inserted  in  a  circuit  and  which  will  melt 
and  open  the  circuit  when  the  current 
reaches  a  certain  value. 

Galvanometer. — Instrument  for  meas- 
uring current  strength. 

Inductance. — The  property  of  an  elec- 
tric circuit  by  virtue  of  which  lines  of 
force  are  developed  around  it. 

Insulator. — Anv  substance  impervious 
to  the  passage  of  electricity. 

Kilowatt. — 1,000  watts.      (See  watt.) 

Kilowatt-hour. — One  thousand  watt 
hours. 


Leyden  Jar. — Form  of  static  condenser 
which   will  store  up   static   electricity. 

Motor-generator. — Combined  motor 
and  generator  for  changing  alternating 
to  direct  current  or  vice  versa. 

Multiple. — Term  expressing  the  con- 
nection of  several  pieces  of  electric  ap- 
paratus in  parallel  with  each  other. 

Ohm. — The  unit  of  resistance.  It  is 
arbitrarily  taken  as  the  resistance  of  a 
column  of  mercury  one  square  milli- 
meter in  cross  sectional  area  and  106 
centimeters  in  length. 

Poles. — Terminals  of  an  open  electric 
circuit. 

Potential. — Voltage. 

Relay. — Instrument  for  opening  or 
closing  a  local  circuit,  which  is  oper- 
ated by  impulses  from  the  main  circuit. 

Resistance. — The  quality  of  an  elec- 
trical conductor  by  virtue  of  which  it 
opposes  the  passage  of  an  electric  cur- 
rent. The  unit  of  resistance  is  the 
ohm. 

Series. — Arranged  in  succession,  as 
opposed  to  parallel  or  multiple  arrange- 
ment. 

Shunt. — A  by-path  in  a  circuit  which 
is  in  parallel  with  the  main  circuit.     ^\ 

Solenoid. — An  electrical  conductor 
wound  in  a  spiral  and  forming  a  tube. 

Spark-gap. — Space  between  the  two 
ends  of   an   electrical   resonator. 

Switch. — Device  for  opening  and 
closing  an  electric  circuit. 

Transformer. — A  device  for  stepping- 
up  or  stepping-down  alternating  current 
from  low  to  high  or  high  to  low  voltage, 
respectively. 

Volt. — Unit  of  electromotive  force  or 
potential.  It  is  the  electromotive  force 
which,  if  steadily  applied  to  a  conductor 
whose  resistance  is  one  ohm,  will  pro- 
duce a  current  of  one  ampere. 

Voltage. — Potential  difference  or  elec- 
tromotive force. 

Watt. — Unit  representing  the  rate  of 
work  of  electrical  energy.  It  is  the  rate 
of  work  of  one  ampere  flowing  under  a 
potential  of  one  volt.  Seven  hundred 
and  forty-six  watts  represent  one  elec- 
trical horse  power. 

Watt-hour. — Electrical  unit  of  work. 
Represents  work  done  by  one  watt  ex- 
pended  for   one  hour. 
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FOLLOWING  A  TELEPHONE  CALL, 


BY  STANLEY  A.  DUVALL. 
PART  I. 


THE  average  person  in  every  walk 
of  life  is  familiar  with  the  tele- 
phone instrument  and  under- 
stands its  operation  and  its  many  valu- 
able features,  but  beyond  that  the  en- 
tire telephone  system  is  a  complete  mys- 
tery. It  is  the  purpose  of  this  article  to 
tell  in  plain,  simple  language  the  fund- 
amental principles  underlying  the  oper- 
ation of  the  telephone  exchange  and 
correct  a  number  of  erroneous  opinions 
that  prevail  among  telephone  users  at 
large. 

From  each  telephone,  no  matter  where 
it  is  located,  or  how  inaccessible  the 
locality,  a  pair  of  wires  are  carried 
from  the  top  of  the  instrument  to  and 
terminate  in  some  form  of  a  signaling 
device.  In  up-to-date  and  modern  ex- 
changes, such  as  shown  in  the  illustra- 
tion herewith,  these  signals  consist  of 
miniature  incandescent  lamps.  Each 
lamp  is  mounted  in  convenient  form 
and  is  furnished  with  a  small  bull's  eye 
or  opal,  upon  which  is  marked  the 
number  of  your  telephone.  When  you 
remove  the  receiver  of  your  telephone 
and  place  it  to  your  ear,  this  little  lamp 
is  lighted,  and  it  gives  three-fourths  of 
a  candlepower,  which  is  amply  suffi- 
cient to  attract  the  operator's  attention. 
With  each  lamp  there  is  furnished  a 
coupling  device,  which  is  known  among 
the  telephone  men  as  a  "jack,''  and 
bears  the  same  relation  to  your  tele- 
phone line  as  a  car  coupler  bears  to  a 
railroad  coach,  and  is  always  used  for 
connecting   your    line    to    any    line    for 


which  you  may  call.  At  this  point,  it 
must  be  borne  in  mind  that  each  line 
has  its  lamp  and  jack,  and  right  here  it 
might  be  well  to  define  what  is  meant 
by  "line." 

A  line  is  the  circuit  from  your  tele- 
phone to  your  signal,  and  must  consist 
of  two  conductors  or  wires,  which 
make  a  continuous  path  for  the  elec- 
trical current.  This  is  the  fundamental 
principle  of  all  electrical  work.  There 
must  be  a  complete  circuit  to  and  from 
the  source  of  energy,  and  in  modern 
telephone  systems,  the  telephone  ex- 
change, which  consists  of  switchboards, 
charging  machines  and  ringing  ma- 
chines, is  the  source  of  energy.  You 
will  hear  it  frequently  spoken  of  as  a 
"common  battery"  or  "central  energy 
exchange." 

We  will  now  return  to  your  small 
lamp  signal  and  coupler  which  is  lo- 
cated at  the  switchboard.  As  we  said 
before,  these  are  miniature  lamps,  and 
in  a  space  of  one  foot  square  over  one 
hundred  of  such  signals  can  be  placed, 
to  which  can  be  connected  a  like  num- 
ber of  lines  or,  to  express  it  more  plain- 
ly, a  like  number  of  telephones,  or  what 
are  known  in  the  telephone  onice  as  sub- 
scribers. 

To  connect  your  line,  say  that  your 
number  is  No.  i.  with  your  neighbor's 
line,  which  we  will  say  is  Xo.  2,  it  is 
necessary  to  have  some  intermediate  link 
for  coupling,  or.  to  use  the  correct 
phraseology j  for  connecting  these  two 
lines  together.  This  is  always  in  the  shape 
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of  what  is  known  as  a  "switchboard 
cord."  This  cord  is  about  the  size,  and 
looks  a  good  deal  like  a  sash  cord,  but 
instead  of  being  made  of  hemp,  it  con- 
sists of  two  flexible  wires  which  are 
covered  with  a  number  of  layers  of 
woven  linen.  On  each  end  of  this  cord 
is  fastened  what  is  known  as  a  "plug." 
This  is  really  the  coupling  pin  for  the 
jack  on  your  line.  There  are  20 
to  30  of  these  cords  and  plugs, 
and  as  the  cords  are  about  six  feet  long, 
it  would  not  be  neat  or  workmanlike  to 
have  them  laying  around  in  a  careless 
and  unsystematic  manner.  The  cords 
are  mounted  inside  of  the  switchboard 
and  are  provided  with  weights  and  pul- 
leys, just  as  the  sash  cord  is  equipped 
in  your  window  frame.  When  they  are 
not  in  use  by  the  operator,  they  auto- 
matically drop  down  and  out  of  sight, 
and  all  that  appears  on  the  front  of  the 
switchboard  are  the  plugs  themselves. 
The  operator  has  a  connection  with 
each  pair  of  cords,  by  which  she  can 
connect  her  own  telephone  to  any  one 
of  the  cords  at  leisure,  and  by  a  little 
switch  she  can  turn  the  connection  from 
a  talking  circuit  to  a  ringing  circuit.  If 
you  will  stop  a  moment  and  think,  you 
will  see  that  it  will  be  necessary,  after 
you  have  lit  your  lamp  at  the  exchange 
by  the  removal  of  your  receiver,  for  the 
operator  to  couple  her  telephone  with 
your  line  by  the  use  of  one  of  these 
coupling  pins  or  plugs.  She  then  turns 
her  switch  over  to  the  talking  position 
and,  after  ascertaining  from  you  the 
number  you  want,  she  takes  the  free 
end  or  the  coupling  pin  or  plug  that  is 
on  the  other  end  of  this  cord  and  in- 
serts it  in  the  jack  or  the  coupler  of  the 
line  that  you  want,  say  your  neighbor's 
line  No.  2.  Thus  she  has  coupled  to- 
gether two  telephone  lines  in  a  manner 
similar  to  that  of  coupling  two  railroad 
coaches  together,  and  in  telephone 
phraseology  the  operator  has  made  one 
connection.  She  again  moves  her  little 
switch  over  to  another  position,  which 
automatically  turns  on  the  ringing  cur- 
rent on  line  No.  2,  and  this  rings  the 
bell  of  your  neighbor's  line.  "Yes,"  but 
you  say,  "I  understand  this  all  right,  but 
how  do  we  get  loose  when  I  finish  talk- 
ing with  my  neighbor,  and  does  the 
operator  listen  all  the  time,  or  does  she 


have  to  listen  part  of  the  time,  and  will 
she  overhear  some  of  my  conservation?" 
No,  she  does  not.  When  she  finishes 
ringing  No.  2,  her  little  switch  springs 
back  automatically  in  its  normal  position 
and  she  pays  no  further  attention  to  it. 

Now  we  will  go  back  to  our  cord 
which  is  provided  with  the  two  plugs 
or  links.  In  addition  to  the  little  switch 
of  the  operator's  which  is  connected  to 
this  cord,  there  are  two  little  lamps  at- 
tached to  the  cord.  Remember  they 
are  not  attached  to  your  line  or  to  your 
neighbor's  line,  but  are  attached  to  this 
connecting  cord.  One  lamp  is  called 
the  answering  lamp  and  the  other  is 
called  the  connecting  or  supervising 
lamp.  Now  when  a  connection  is  made 
with  this  cord  and  two  plugs,  these 
lamps  are  not  lighted,  but  as  soon  as 
you  have  finished  your  conversation  and 
you  and  your  neighbor  hang  up  your 
receivers,  these  two  lamps  light  up. 
The  operator  then  knows  that  you  and 
your  neighbor  have  left  your  telephones, 
and  she  takes  the  connection  down- 
without  calling  your  attention  to  the 
fact  or  without  listening  to  see  if  you 
have  finished.  The  connection  is  broken 
just  as  a  brakeman  would  pull  the  pin 
out  of  a  car  coupler  and  disconnect  two 
railroad  coaches. 

From  this  short  explanation  it  can  be 
readily  seen  that  a  telephone  operator 
never  has  the  slightest  reason  or  in- 
centive to  listen  to  a  conversation,  un- 
less a  subscriber  wishes  her  to  do  so. 

What  does  a  telephone  exchange  room 
look  like  in  your  mind?  No  doubt  you 
thL  ^tv  noisy  place  and 

things  me  iun  somewhat  carelessly  and 
the  general  appearance  of  things  is 
"topsy-turvy."  And  no  doubt  you  think 
the  operators  have  a  great  deal  of  fun 
and  pass  many  a  pleasant  moment  in 
conversation  among  themselves  ;  but  let 
us  see  if  this  is  really  so.  We  will  now 
presume  that  we  are  entering  an  ex- 
change room  of  one  of  the  large  and 
modern  telephone  exchanges  in  some 
moderate  sized  city  of  this  country,, 
and  it  would  be  well  to  state  here  that 
the  telephone  systems  and  exchanges  in 
this  United  States  of  ours  are  far  su- 
perior in  design,  workmanship  and  serv- 
ice to  those  of  any  other  country  in  the 
world. 
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As  we  step  into  the  exchange  room, 
we  notice  a  large,  long  cabinet  which 
resembles  somewhat  in  outline  the  mod- 
ern upright  piano,  only  it  is  a  great  deal 
longer.  At  the  cabinet  are  seated,  closely 
together,  20  or  more  operators.  This  is 
the  main  switchboard,  and  somewhere 
on  this  board  is  located  the  end  of  your 
line,  which  terminates  in  the  small  lamp 
about  which  we  have  spoken. 

All  is  quiet  and  orderly.  Now  and 
then    we     hear    the    subdued     "number 


is  equipped  with  certain  devices  with 
which  she  can  cut  in  on  any  of  the  oper- 
ators and  ascertain  if  they  are  handling 
their  work  in  a  proper  manner.  At 
another  desk  is  the  chief  operator,  who 
has  entire  control  of  the  exchange  room. 
Sometimes  it  is  part  of  her  work  to 
answer  complaints  and  adjust  any  trou- 
ble that  may  arise ;  but  her  work  is  gen- 
erally the  supervision  of  the  conduct 
and  services  of  all  the  operators. 

There    are   alwavs    a   certain    number 


SWITCHBOARD  IN  A  MODERN  TELEPHONE  EXCHANGE 

sound 


please,"   but    there    is    hardly    a 
above   this   necessary  question. 

In  front  of  the  main  board,  we  notice 
two  or  three  flat  topped  desks,  which 
are  equipped  with  telephone  apparatus 
and  at  each  of  which  is  seated  a  young 
lady  operator,  who  has  graduated  from 
the  service  at  the  main  switchboard  and 
has  become  a  monitor.  She  has  a  cer- 
tain number  of  operators  to  look  after 
and  supervise  ;  to  see  that  the  operators 
promptly    answer    the    calls.      Her   desk 


of  relief  operators  who  come  and  go 
during  the  twenty-four  hours  and  there 
is  therefore  a  constant  changing  of  oper- 
ators at  the  main  switchboard.  Nearly 
all  exchanges  are  furnished  with  a  rec- 
reation room,  where  the  operators  can 
spend  their  recesses  during  the  day, 
resting"  and  reading,  and  these  r< 
lion  rooms  are  made  as  comfortable  as 
possible,  and  indeed  they  are  very  hand- 
somely furnished.  Neither  time  nor 
money  is  spared  by  the  telephone  com- 
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panies  in  taking  care  of  the  physical  and 
mental  welfare  of  its  operators  and 
other  female  employes.  Indeed  in  some 
large  exchanges  a  matron  is  furnished 
to  look  after  the  welfare  of  the  lady 
operators.  Of  course  there  are  other 
offices  in  connection  with  the  telephone 
exchange,  such  as  the  complaint  office 
and  information  bureau,  which  is  some- 
times presided  over  by  the  manager 
Then  there  is  the  office  of  the  wire  chief, 
who  has  a  room  all  by  himself,  which 
is  equipped  with  many  strange  looking 
instruments  for  measuring  currents, 
testing  the  lines,  and  in  fact  this  office 
has  the  general  supervision  of  all  the 
wires  and  instruments  in  the  exchange. 
This  office  is  always  held  by  a  man.  as 
this  is  entirely  technical  work.  Con- 
nected with  the  wire  chief's  office  are 
the  inspectors  who,  of  course,  are  also 
men.  These  men  not  only  inspect  the 
instruments,  but  they  also  inspect  the 
service.  This  inspection  is  made  by  in- 
spectors calling  up  over  certain  lines 
and,  unknown  to  the  operator,  a  report 
is  -  made  to  the  wire  chief  or  manager 
giving  the  number  of  seconds  which 
are  taken  by  the  operator  in  making 
connections. 

Xo  doubt  when  you  have  stood  at  your 
telephone  sometimes  and  thought  that 
you  had  been  there  several  minutes,  you 
would  have  been  surprised  to  find,  if  you 
had  been  provided  with  a  stopwatch,  that 
the  period  of  waiting  had  not  been  over 
10  seconds.  The  average  time  consumed 
in  making  the  connection  is  about  eight 
seconds,  and  where  the  time  runs  over 
15  seconds  the  operator  is  subject  to  a 
reprimand,  and  a  certain  number  of  bad 
marks  per  month  mean  dismissal.  In 
some  exchanges  prizes  are  offered  for 
operators  who  have-  the  least  number 
of  demerits  to  their  record  during  the 
month. 

Xow  you  will  see  that  it  is  the  busi- 
ness of  the  operator  to  make  connec- 
tions and  to  transact  no  other  business  ; 
so  if  you  endeavor  to  question  the  oper- 
ator about  something  not  appertaining 
to  the  number  for  which  you  call,  you 
are  simply  robbing  your  fellow  sub- 
scribers of  the  operator's  time  and  she 
is  not  performing  any  act  of  discour- 
tesy when  she  switches  you  unceremo- 
niouslv  on  to  what  von  think  is  another 


operator,  but  which  in  reality  is  the  in- 
formation bureau  or  whatever  depart- 
ment the  nature  of  your  inquiry  may 
require. 

The  main-board  operator's  instruc- 
tions are  to  first,  inquire  '"number 
please"  and  then  repeat  after  you  the 
number  called.  This  is  done  to  check 
the  call.  She  has  no  other  work  to  do 
or  no  other  words  to  use.  and  if  she 
stops  and  has  any  further  conversation 
with  you  she  is  simply  disobeying  in- 
structions. 

(  To  Be  Continued.) 


SAWING  THROUGH  STEEL. 

Saws  that  eat  their  way  through  steel 
rails  as  they  would  through  a  pine  log 
are  now  common  in  all  steel  mills.  In 
modern    steel    plants,    electricity    is    the 


motive  power  used  in  driving  the  vari- 
ous machines  such  as  rolls,  saws. 
punches,  etc.  The  electric  motor  is  par- 
ticularly adapted  to  this  work,  since  it 
can  be  made  to  drive  the  machines  direct, 
without  the  use  of  belting  or  shafting. 

The  accompanying  picture  shows  a 
motor  driven  saw  cutting  a  heavy  steel 
rail.  The  saw.  as  will  be  seen,  is  mount- 
ed directly  on  the  end  of  the  motor  shaft, 
and  is  almost  entirely  enclosed  to  pro- 
tect the  operator  from  the  flying  particles 
of  steel. 


FRENCH  ELECTRIC  TALKING  SIREN 


The  accompanying  illustration  shows 
the  French  electropneumatic  talking 
siren,  invented  by  Dr.  Marage,  for  test- 
ing the  hearing  and  to  aid  in  teaching 
the  deaf.  The  French  apparatus  differs 
from  the  phonograph,  which  simply  re- 
cords and  reproduces  what  is  spoken  into 
it,  in  that  it  produces  sounds  accurately 
imitating  those  of  the  vowels  used  in 
speaking  and  singing. 

Dr.  Marage  made  a  careful  study  of 
the  human  tongue,  lips  and  teeth  and 
their  position  in  producing  the   various 


are  used,  imitating  the  form  of  the  hu- 
man mouth,  the  spoken  vowels  are  ob- 
tained. The  artificial  mouths  have  lips 
and  teeth  adjusted  in  precisely  the  same 
position  that  the  human  mouth  takes  in 
pronouncing  the  vowel. 

The  talking  siren  was  originally  con- 
structed for  testing  the  sharpness  of  the 
sense  of  hearing  for  different  persons. 
There  are  three  different  forms  of  ap- 
paratus in  common  use  for  this  purpose, 
producing  vibrations  of  spoken  words, 
musical    vibrations    and    noises.      These 


FRENCH    ELECTRIC    TALKING    SIREN. 


vowels.  He  then  constructed  artificial 
mouths,  as  shown  in  the  illustration,  for 
producing  the  vowel  sounds,  a,  e,  i,  o,  u. 
His  apparatus  consists  of  an  electric 
motor   for  compressing  air  used  in  the 


operation   of   the    siren,     together 


ith 


rheostat  and  switches  for  connecting 
with  an  ordinary  lighting  circuit.  The 
manometer  and  the  mouthpieces  for 
producing  the  vowel  sounds  are  shown 
on  the  right  in  the  picture.  A  rotating 
circular  disk  produces  the  sounds.  It  is 
provided  with  slots  in  groups  of  I,  2  and 
3,  the  vowels  being  distinctly  heard 
when  the  air  is  blown  through  the  slots. 
These  sounds,  as  produced  by  the  ap- 
paratus above  mentioned,  give  the  vow- 
els as  sung,  but  when  the  special  molds 


devices,  it  is  said,  were  not  satisfactorv 
in  gauging  the  sharpness  of  the  sense  of 
hearing,  and  Dr.  Marage  devised  the 
talking  siren  as  a  substitute.  This  siren 
produces  sounds,  the  intensity  of  which 
is  proportional  to  the  pressure  of  air. 
and  is  therefore  accurate  in  determining 
the  keenness  of  hearing  of  different  indi- 
viduals. 

The  manometer,  which  is  something 
like  a  steam  pressure  gauge,  is  shown  in 
the  accompanying  illustration.  It  indi- 
cates the  pressure  of  the  air  operating 
the  siren.  The  sound  intensity  is  gradu- 
ally increased  with  the  increased  pres- 
sure oi  air.  while  the  ear  to  be  tested  is 
placed  at  a  definite  distance  from  the  in- 
strument. 


ELECTRIC  SELF-REGISTERING  TARGET. 


The  electric  self-registering  target 
shown  in  the  accompanying  illustrations 
is  the  invention  of  Lieutenant-Colonel 
George  A.  Peters  of  Toronto,  Can.,  now 
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.FIG.  1. 


FACE  OF  ELECTRICALLY  OPER- 
ATED TARGET. 


deceased.  The  target  is  so  arranged  that 
each  shot  which  strikes  the  target  is 
registered  by  an  electrically  operated  an- 


FIG.    2. 


CONTACT    HAMMERS    IN    BACK 
OF    TARGET. 


nunciator  at  the  firing  station.  Fig.  I 
shows  a  view  of  the  face  of  the  target, 
Fig.  2  the  operating  mechanism  of  the 


target,  and  Fig.  3  the  annunciator  at  the 
firing  station. 

Operation  of  the  target  is  quite  sim- 
ple. The  face  of  the  target  is  a  steel 
plate,  thick  enough  not  to  be  pierced  by 
the  bullets.  Back  of  this  plate  are  ar- 
ranged a  great  number  of  hammers 
hung  from  hinges  so  that  they  rest 
against  the  plate  when  it  is  in  position. 
These  hammers  are  shown  plainly  in 
Fig.  2.  A  bullet  striking  the  plate  at 
any  point  will  drive  back  the  hammer 
that  is  alloted  to  that  particular  area.  As 
the  hammer  flies  back  it  closes  for  an  in- 
stant an  electric  circuit  connected  to  one 
of  the  annunciator  drops  on  the  annun- 
ciator board  at  the  firing  station. 

The  annunciator  drops  are  similar  to 
the  annunciators  on  a  telephone  switch- 
board, and  operate  in  the  same  way.  In 


FIG.  3.  ANNUNCIATOR  AT  FIRING  STATION. 

a  telephone  system,  when  you  take  your 
receiver  from  the  hook  an  electric  cir- 
cuit is  closed  to  the  telephone  exchange 
and  releases  a  drop  which  indicates  to 
the  operator  the  number  of  your  line. 
(In  the  later  switchboards  it  lights  a 
lamp.)  In  the  same  manner,  when  one 
of  the  hammers  on  the  target  is  driven 
back  it  closes  a  circuit  which  releases  a 
drop  on  the  annunciator,  indicating  the 
point  on  the  target  where  the  bullet 
struck. 

Each  hammer  is  so  hung  on  the  back 
of  the  target  that  it  is  returned  by  its 
own  weight  to  its  original  position  after 
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it  has  been  driven  back  by  a  bullet,  so 
that  the  target  is  automatically  restored 
to  the  operating  position  after  each  shot. 
A  telephone  line  is  also  connected  be- 
tween the  two  stations  so  that  communi- 
cation may  be  held  with  a  man  behind 
the  target  if  desired. 


FIG.    4.     BLACK  SPOTS   SHOW  POSITION    OF 
HAMMERS    ON    BACK    OF    TARGET. 

Fig.  4  is  a  diagram  which  represents 
by  the  black  spots  the  positions  of  the 
various  hammers  on  the  back  of  the  tar- 
get. The  circles  around  these  spots  rep- 
resent the  area  controlled  by  each.  It 
will  be  noted  that  the  circles  overlap, 
so  that  there  is  no  area  on  the  target 
which  could  be  struck  and  not  give  an 
indication  at  the  annunciator  board.  Un- 
der certain  conditions  two  of  the  an- 
nunciator drops  may  fall  but  the  indica- 
tion always  shows  the  circle  on  the  tar- 
get within  which  the  bullet  struck. 


ELECTRICITY  IN  THE  HIMALAYAS. 

One  of  the  largest  and  most  important 
water  power  schemes  that  has  yet  been 
projected  in  the  continent  of  Asia  is  that 
which  is  now  approaching  completion  in 
the  State  of  Kashmir,  whereby  20,000 
electrical  horse  power  will  be  available 
for  lighting,  power  and  other  purposes 
within  a  circle  of  about  160  square  miles. 
The  big  power  house  is  practically  com- 
pleted and  a  current  of  60,000  volts  is  be- 
ing delivered.  It  will  be  used  for  a  wide 
variety  of  purposes,  for  illumination  and 
traction,  and  for  driving  mills.     Among1 


other  things  it  will  be  used  in  the  State 
silk  factory  for  the  generation  of  heat  in 
3,000  filature  basins  where  the  silk  is 
reeled  from  the  cocoons. 


ARTISTIC  STREET  LAMP   DESIGN. 

A  prize  competition  for  the  design  of 
a  street  lamp  post,  bracket  and  pedestal 
was  held  recently  by  the  Chicago  Archi- 
tectural Club.  Prizes  to  the  amount  of 
$200  were  given  by  the  Commonwealth 
Edison  Company  and  James  B.  Clow  & 
Sons  of  Chicago.  Specifications  upon 
which  the  competition  was  carried  out 
called  for  a  design  with  75  to  100  candle- 
power  in  incandescent  lamps,  and  having 
not  less  than  two  or  more  than  four 
bracket  arms.     The  prize  winning  design 
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shown  herewith  is  the  idea  of  Mr.  C.  H. 

Hammond,  and  is  at  once  artistic  and 
practical.     The  same  idea  is  worked  out 

in  the  post,  pedestal  and  bracket.  The 
post  embodies  the  essentials  of  both  the 
bracket  and  pedestal,  with  the  addition 
of  a  substantial  base.  The  design  is  in- 
tended to  be  worked  out  in  east  iron. 


ELEMENTARY    ELECTRICITY 

BY  EDWIN  J.    HOUSTON,  PH.  D.     (PRIXCETOX.) 
CHAPTER    II. VARIETIES    OF    ELECTRIC    CIRCUITS. 


Such  an  apparent  complexity  is  pre- 
sented, when  a  great  number  of  electric 
circuits  are  brought  together  in  any  lim- 
ited space,  that,  to  those  just  beginning 
the  study  of  electricity,  it  seems  almost 
hopeless  to  endeavor  to  trace  them 
through  their  separate  paths.  There 
seems  to  be  neither  rhyme  nor  reason  for 
the  way  they  are  at  times  connected  to 
neighboring  wires,  while  at  other  times 
they  pass  them  by  as  if  entirely  ignoring 
their  existence. 

Though  at  first  sight  it  seems  that 
there  are  infinite  varieties  of  circuits,  yet, 
generally  speaking,  direct  current  cir- 
cuits can  be  divided  into  two  great 
classes,  namely : 

(i).     Series  circuits. 

(2).     Multiple  or  parallel  circuits. 

Strictly  speaking,  there  is  a  still  broad- 
er classification  that  includes  circuits  of 
all  kinds,  whether  direct  or  alternating, 
namely:  Simple  electric  circuits,  and 
compound  electric  circuits.  Simple  elec^ 
trie  circuits  consist  in  a  combination  of  a 
single  source  with  a  single  electro-recep- 
tive device,  while  compound  electric  cir- 
cuits consist  in  the  combination  of  more 
than  a  single  electric  source,  or  more 
than  a  single  electro-receptive  device,  or 
both.  Since,  however,  we  are  now  en- 
deavoring to  point  out  some  way  in 
which  the  apparent  complexity  of  com- 
pound electric  circuits  may  be  notably 
decreased,  we  will  confine  our  attention 
to  the  classification  of  compound  direct 
current  circuits  just  given,  i.  e.,  series 
circuits,  and  multiple  or  parallel  cir- 
cuits. 

SERIES    CIRCUITS. 

In  a  series  circuit  one  or  more  elec- 
tric sources  have  their  poles  so  con- 
nected with  a  number  of  electro-recep- 
tive devices  that  the  current  passes  suc- 
cessively through  each  of  these  devices 
from  the  first  device  to  the  last.  The 
manner  in  which  this  is  done  will  be 
readily  understood  from  inspection  of 
Fig.  7,  which  represents  a  single  electric 
source  or  dynamo  (D),  connected  in  a 
series  circuit  with  10  arc  lamps. 


Within  certain  limits,  practically  any 
number  of  electro-receptive  devices  can 
be  connected  in  series  with  a  single  elec- 
tric source,  or  with  a  number  of  electric 
sources  combined  so  as  to  act  as  a  single 
source.  In  practice  the  principal  consid- 
eration that  limits  the  number  of  such 
devices  is  whether  the  machine  or  source 
is  able  to  produce  an  electromotive  force 
(E.  M.  F.)  that  is  able  to  cause  the  elec- 
tricity to  pass  through  all  the  devices 
that  are  placed  in  the  circuit.  In  the 
case  of  a  dynamo  the  increased  electro- 
motive force  can,  within  certain  limits, 
be  obtained  by  increasing  the  speed  of 
the  dynamo.  When  this  limit  has  been 
reached  a  further  increase  of  electro- 
motive force  can  only  be  obtained  by 
so  combining  two  separate  dynamos  or 
sources,  as  to  cause  them  to  act  as  a 
single  electric  source  of  higher  electro- 


FIG. 


DYNAMO    AND    10    ARC    LAMPS    IN 

SERIES    CIRCUIT. 


motive  force.  To  do  this  it  is  necessary 
to  connect  them  with  each  other  in  series. 

As  we  shall  see  in  subsequent  articles 
the  proper  operation  of  any  electro-re- 
ceptive device  requires  a  certain  electric 
pressure  or  electromotive  force,  in  order 
that  a  certain  amount  of  electricity  per 
second  or  a  certain  electric  current,  shall 
pass  through  the  device.  It  is  evident 
that  in  the  series  circuit,  since  the  same 
current  strength  passes  through  all  the 
different  devices  in  the  circuit,  no  matter 
how  many  devices  have  been  introduced 
into  or  removed  from  it,  the  current 
strength  must  be  the  same  in  all  parts 
of  the  circuit.  For  this  reason  a  series 
circuit  is  sometimes  called  a  constant- 
current  circuit. 

Since  in  the  series  circuit  the  electro- 
receptive    devices    are    placed   one    after 
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another,  the  electric  resistance  of  a  series 
circuit  necessarily  increases  with  each 
device  added,  and  decreases  with  each 
device  removed  from  the  circuit,  for  the 
total  resistance  of  a  series  circuit  is  equal 
to  the  sum  of  its  separate  resistances.  In 
such  a  circuit,  therefore,  the  electromo- 
tive force  of  the  source  must  vary  in 
order  to  cause  the  necessary  current  to 
pass  through  each  of  the  devices,  the 
necessary  E.  M.  F.  increasing  as  addi- 
tional devices  are  introduced  into  the  cir- 
cuit, and  decreasing  as  some  of  the  de- 
vices are  cut  out  or  removed  from  it. 
For  this  reason  a  series  circuit  is  some- 
times known  as  a  circuit  of  variable  elec- 
tromotive force. 

In  many  electro-receptive  devices, 
such  as  arc  lamps,-  different  effects  are 
produced  according  to  the  direction  in 
which  the  electric  current  is  passed 
through  the  device.  It  is  evident,  there- 
fore, that  care  must  be  taken  to  see  that 
the  current  passes  through  a  circuit  in 
the  right  direction. 

In  the  case  of  arc  lamps,  the  light  is 
produced  by  the  passage  of  an  electric 
current  between  two  carbon  rods,  one 
of  which  is  generally  placed  vertically 
to  the  other.  It  is  found  that  the  carbon 
out  from  which  the  current  flows,  or  the 
positive  carbon,  has  a  much  higher  tem- 
perature than  the  negative  carbon,  or 
that  into  which  the  current  returns  after 
having  passed  through  the  circuit.  Since 
the  amount  of  light  emitted  by  an  in- 
candescent or  heated  body  rapidly  in- 
creases with  its  temperature,  the  light 
thrown  off  from  the  positive  carbon  of 
an  arc  lamp  is  greater  in  amount  than 
the  light  produced  by  the  negative  car- 
bon. If,  therefore,  arc  lamps  are  to  be 
employed  for  illumining  the  space  below 
them,  it  is  necessary  to  make  their  upper 
carbons  the  positive  carbons. 

Since  in  the  series  arc  circuit  the  elec- 
tro-receptive devices  are  inserted  in 
breaks  in  the  circuit,  the  circuit  wires 
can  change  their  direction  to  any  desired 
extent,  the  only  condition  that  must  be 
fulfilled  being  that  the  wire  which  passes 
out  of  the  lower  carbon  of  the  last  device 
placed  in  the  circuit,  must  be  connected 
with  the  negative  pole  of  the  source. 
This  fulfills  the  prime  requirement  of 
the  electric  circuit,  i.  e.,  that  the  elec- 
tricity produced  by  the  source,  after  it 
has  left  its  positive  pole  and  has  passed 


through  all  the  separate  receptive  de- 
vices, must  have  a  path  provided  by 
which  it  may  return  to  the  negative  pole 
of  the  source. 

In  order  to  prevent  all  the  remaining 
lamps  from  being  extinguished  on  the 
extinguishing  of  any  particular  lamp,  it 
is  only  necessary  to  move  a  switch,  either 
automatically  or  by  hand,  and  thus  pro- 
vide a  by-path  through  which  the  cur- 
rent can  flow  past  either  the  faulty  lamp, 
or  the  lamp  which  has  been  purposely 
removed  from  the  circuit. 

The  means  employed  for  cutting  out 
or  introducing  any  arc  lamp  into  a  series 
circuit  is  a  switch  such  as  is  represented 


FIG. 


8.     ENCLOSED    ARC    LAMP   WITH 
SWITCH. 


in  Fig.  7,  at  S,  as  connected  with  the 
lamp  No.  10.  When  this  switch  is  turn- 
ed so  as  to  leave  a  space  between  the 
blades  (a)  and  (b),  the  current  passes 
between  the  two  carbons  and  the  lamp 
burns.  When,  however,  the  switch  is 
turned  so  as  to  bring  the  contact  (a) 
and  (b)  together,  lamp  No.  to  will  be 
extinguished,  because  so  much  of  the 
current  passes  through  the  low  resist- 
ance patli  offered  by  the  switch  blades, 
that  the  amount  of  current  passing  be- 
tween the  carbons  will  be  insufficient  to 
produce  an  arc. 
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In  Fig.  7,  only  a  single  switch  is  rep- 
resented. Each  lamp,  however,  must  be 
provided  with  a  switch. 

In  practice  this  lamp  switch  is  pro- 
vided with  a  handle  or  lever  that  pro- 
jects from  the  top  of  the  lamp,  as  repre- 
sented in  Fig.  8  at  (S).  This  switch  can 
be  opened  or  closed  from  the  floor  by 
means  of  a  pole  without  lowering  the 
lamp. 


FIG. 


ARC   LAMPS   WITH   EQUAL 

SPACING. 


It  will  be  observed  that  in  Fig.  7,  the 
different  lamps  in  the  circuit  are  repre- 
sented as  being  placed  at  equal  distances 
apart.  Where  arc  lamps  are  employed 
for  the  illumination  of  interiors,  as  rep- 
resented in  Fig.  9,  the  spacing  between 
the  successive  lamps  is  constant.  The 
same  thing  is  true  where  arc  lamps  are 
employed  for  the  illumination  of  streets 
or  roadways,  the  lamps  for  this  purpose 
being  placed  generally  at  the  intersection 
of  the  cross  streets.  When,  however,  as 
is  frequently  the  case,  the  current  em- 
ployed for  the  lighting  of  small  stores, 
requiring  three  or  four  lamps  only,  is 
taken  directly  from  the  street  service 
circuit,  the  distance  between  the  lamps 
is  greatly  decreased.  In  other  cases, 
where  a  few  lamps  only  are  required  in 
a  building,  a  few  blocks  away  from  the 
main  service  circuit,  a  loop  of  the  circuit 
conductor  carries  the  current  to  that  par- 


ticular spot  and  then  leads  it  back  again 
to  the  main  street.  In  such  cases  there 
may  be  a  comparatively  great  length  of 
circuit  wire  in  which  no  lamps  whatever 
are  placed. 

Either  electric  sources,  or  electro-re- 
ceptive devices  can  readily  be  connected 
together  in  a  series  circuit.  When  a 
number  of  electric  sources  are  connected 
in  series,  the  electromotive  force  fur- 
nished by  the  combined  source,  will  be 
equal  to  the  sum  of  the  electromotive 
forces  of  the  separate  sources.     If,   for 
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FIG.  10.     DYNAMOS  CONNECTED  IN  SERIES. 

example,  two  dynamos,  (A)  and  (B) 
are  connected  as  shown  in  Fig.  10,  they 
will  be  connected  in  series.  To  do  this 
it  is  only  necessary  to  connect  the  nega- 
tive pole  or  brush  of  one  of  the  dynamos 
(A),  with  the  positive  brush  of  the  other 
dynamo  (B),  thus  leaving  the  free  posi- 


FIG.    11.     THREE   LE    CLANCHE   CELLS 

CONNECTED  IN   SINGLE   BATTERY 

CIRCUIT. 

tive  terminal  of  the  dynamo  (A),  for 
connection  with  the  end  (P)  of  the 
series  conductor,  and  the  negative  ter- 
minal of  the  dynamo  (B)  for  connection 
to  the  other  end  (N)  of  the  conductor. 
It  is  possible  in  this  way  to  connect  any 
number  of  dynamos  in  a  series  circuit. 
In  all  such  cases,  however,  the  opposite 
poles  of  the  intermediate  dynamos  are 
connected  together,  leaving  the  free  poles 
of  the  end  dynamos  as  the  poles  or  ter- 
minals of  the  series-connected  battery  of 
dynamos.  The  name  battery  is  generally 
applied  to  such  a  combination  of  a  num- 
ber of   separate   sources   as   will   permit 
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FIG.    12. 


LE   CLANCHE   OR  SINGLE  FLUID 
CELL. 


them  to  act  as  a  single  source. 

All  kinds  of  electric  sources  are  cap- 
able of  being  connected  together  in 
series,  so  as  to  produce  a  greater  elec- 
tromotive force  than  any  of  the  separate 
sources   can   produce   alone.      Take,   for 


the  two  elements  are  excited  by  a  single 
liquid.  As  shown  in  Fig.  12,  the  ele- 
ments consist  of  zinc  and  carbon.  The 
carbon  element  consists  of  a  plate  of 
hard  carbon  placed  inside  a  porous  cell 
or  cylinder  of  unglazed  earthenware  that 
is  tightly  packed  with  a  mixture  of  black 
oxide  of  manganese  and  finely  broken 
gas-retort  carbon,  so  as  to  bring  the  mix- 
ture with  pressure  against  the  sides  of 
the  carbon  plate.  Both  the  zinc  rod  and 
the  porous  cell  are  immersed  in  a  solu- 
tion of  sal-ammoniac  and  water.  As  will 
be  seen  from  an  inspection  of  Fig.  11,  in 
order  to  connect  these  cells  in  series,  the 
carbon  or  positive  pole  of  cell  Xo.  1, 
is  connected  with  the  zinc  or  negative 
pole  of  cell  No.  2,  while  the  carbon  of 
cell  No.  2,  is  connected  with  the  zinc 
or  negative  pole  of  cell  No.  3,  thus  leav- 
ing two  free  poles,  i.  e.,  the  zinc  or  nega- 
tive pole  of  cell  No.  1,  and  the  carbon 
or  positive  pole  of  cell  No.  3,  as  the 
negative  and  positive  poles  respectively 
of  the  battery.  In  this  case,  as  in  the 
case  of  the  battery  of  dynamos  repre- 
sented in  Fig.  10,  the  electromotive  force 
of  the  three  series-connected  cells  is  equal 
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FIG.    13.     MULTIPLE    OR   PARALLEL    CONNECTION    OF    EIGHT    LAMPS. 


example,  three  LeClanche  cells  repre- 
sented in  Fig.  11.  In  order  to  connect 
them  in  a  series  battery  it  is  only  neces- 
sary to  proceed  as  in  the  case  of  the 
dynamo-electric-machine,  and  connect 
their  opposite  poles  or  terminals  in  the 
manner  indicated. 

As  is  well  known  the  LeClanche  cell 
forms  what  is  sometimes  known  as  a 
single  fluid  cell  that  is.  a  cell  in  which 


to  three  times  the  electromotive  force  of 
any  of  the  separate  cells. 

MULTIPLE  OR  PARALLEL  CIRCUITS. 

In  a  multiple  or  parallel  circuit,  a 
number  of  separate  electric  sources,  or 
separate  electro-receptive  devices,  or 
both,  have  all  their  positive  poles  con- 
nected to  a  single  positive  conductor,  and 
all  their  negative  poles  similarly  con- 
nected to  a  single  negative  conductor.  In 
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multiple  or  parallel  circuits  the  conduct- 
ors are  generally  known  as  leads.  The 
lead  connected  with  the  positive  pole  of 
the  source  is  called  the  positive  lead,  and 
that  connected  with  the  negative  pole,  the 
negative  lead.  Since  the  amount  of  elec- 
tricity that  passes  per  second,  or  the  cur- 
rent strength  that  passes  through  the 
conductors  that  connect  the  lamps  with 
the  leads,  is  much  less  than  the  current 
strength  passing  through  the  leads,  the 
wires  in  these  separate  conductors  are 
made  much  thinner  than  in  the  leads. 

Fig.  13  represents  the  multiple  or 
parallel  connection  of  eight  separate  in- 
candescent electric  lamps  to  the  dynamo 
(D).  Here  the  positive  poles  of  all  the 
lamps  are  connected  with  the  positive 
lead  or  conductor  (P  P'),  and  the  nega- 


through  the  positive  lead  between  the 
lamps  Nos.  1,  2,  3,  4,  5,  6,  7,  and  8.  A 
branching  of  the  circuit  takes  place  at 
each  additional  place  where  the  other 
lamps  are  introduced  into  the  circuit,  as, 
for  example,  at  (B),  where  a  portion  of 
the  current  passes  through  lamp  No.  2, 
at  (C),  where  another  portion  passes 
through  lamp  No.  3,  and  so  on  succes- 
sively. 

Now  a  certain  quantity  of  electricity 
per  second,  or  a  certain  current  strength, 
is  necessary  for  the  proper  operation  of 
an  incandescent  electric  lamp,  just  as  it 
is  for  the  operation  of  any  other  electro- 
receptive  device.  The  same  current 
strength  must  therefore  pass  through 
each  of  the  thinner  conductors  that  con- 
nect   the    lamps    with    the    positive    and 
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FIG.    14.     DIVISION    OF  CURRENT   IN  PARALLEL  CIRCUIT. 
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tive  poles  with  the  negative  lead  or  con- 
ductor (N'N7).  It  will  be  observed 
that  there  is  no  direct  connection  of  the 
far  ends  (P')  and  (N')  of  the  positive 
and  negative  leads,  as  would  be  done  in 
the  case  of  a  series  circuit.  The  two 
conductors  (PF)  and  NN')  are  kept 
separate  and  distinct  as  positive  and 
negative  conductors  or  leads  respective- 
ly, and  are  connected  with  each  other 
only  through  the  receptive  devices,  in 
this  case  the  incandescent  lamps.  The 
path  taken  by  the  current  from  the  dyna- 
mo through  the  separate  lamps,  back 
again  to  the  dynamo  is  clearly  indicated 
by  the  arrows.  For  example,  in  the  case 
of  lamp  No.  1,  the  current  leaving  the 
dynamo  (D)  at  its  positive  pole,  passes 
through  lamp  No.  1,  and  then  returns 
to  the  source  at  its  negative  pole. 

But  it  will  be  observed  that  the  cur- 
rent from  the  dynamo  branches  at  (A), 
a  part  only  passing  through  the  lamp 
No.   1,     the     remainder     continuing-     on 


negative  leads.  In  order  that  this  may 
be  the  case,  it  is  necessary  that  there 
shall  be  the  same  difference  of  potential 
or  electromotive  force  on  all  parts  of 
the  positive  and  negative  leads.  Now, 
while  there  is  necessarily  what  is  called 
a  drop  of  potential  in  the  leads,  or  a  de- 
crease in  the  electromotive  force,  as  the 
distance  from  the  source  increases,  yet, 
if  the  leads  are  made  of  fairly  thick, 
heavy  conductors,  as  is  generally  the 
case,  this  drop  of  potential,  or  difference 
of  electromotive  force  is  nearly  constant. 
The  multiple  or  parallel  circuit,  there- 
fore, provides  means  for  so  branching 
an  electric  current  through  a  number  of 
separate  electro-receptive  devices  as  to 
cause  the  same  current  strength  to  pass 
through  all  the  separate  devices.  Such 
a  circuit  is  called  a  multiple  circuit  be- 
cause it  provides  for  a  number  of  mul- 
tiple circuits  between  the  positive  and 
negative  leads  respectively,  in  a  prac- 
tically parallel  direction. 
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A  multiple  or  parallel  circuit  is  some- 
times called  a  constant-potential  circuit 
because  it  necessarily  maintains  a  prac- 
tically constant  difference  of  potential, 
or  electromotive  force,  between  all  parts 
of  the  positive  and  negative  leads. 

It  will  be  seen  that  the  series  and 
multiple  circuits  differ  from  one  another 
in  this  respect.  A  series  circuit  is  called 
a  constant-current  because  the  current 
strength  that  passes  in  any  particular 
part  of  the  circuit  is  necessarily  the 
same.  The  multiple  or  parallel  circuit 
is  called  a  constant-potential  circuit  be- 
cause the  potential  between  the  leads  is 
maintained  constant,  while  the  current 
strength  in  different  parts  of  the  lead 
necessarily  varies. 

Those  beginning  the  study  of  electricity 
sometimes  find  it  difficult  to  understand 
that  in  the  multiple  or  parallel  circuits, 
the  current  strength  necessarily  varies 
in  different  parts  of  the  leads  or  main 
conductors.  It  is  true  that  the  circuits 
of  the     thinner     wires     containing-     the 
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FIG.    15.      STEAM    RADIATOR    SYSTEM    IS    A 
FORM    OF    PARALLEL    CIRCUIT. 

lamps  and  connecting  portions  of  the 
positive  and  negative  leads,  have  cur- 
rents    of     constant      strength      passing 


through  them.  This  fact  sometimes  leads 
students  to  regard  the  multiple  or  paral- 
lel circuit  as  also  forming  a  constant- 
current  circuit.  A  little  thought,  how- 
ever, will  remove  this  difficulty,  and  as 
the  matter  is  an  important  one,  we  will 
explain  it  at  somewhat  greater  length. 

Suppose  that  four .  separate  incan- 
descent electric  lamps,  (A),  (B),  (C) 
and  (D),  are  connected  in  multiple  or 
parallel  circuit,  as  represented  in  Fig.  14, 
and  that  each  of  these  lamps  requires  for 
its  proper  operation  a  current  strength 
of  half  an  ampere.  Suppose,  moreover. 
that  the  difference  of  potential  or  electro- 
motive force  between  the  positive  and 
negative  leads  is  sufficient  to  force  a  cur- 
rent of  half  an  ampere  through  each  of 
the  lamps.  Consequently,  a  constant  cur- 
rent of  half  an  ampere  will  pass  through 
each  of  the  lamps.  It  is  because  the  cur- 
rents are  constant  in  these  circuits  that 
the  mistake  is  sometimes  made  of  regard- 
ing this  species  of  circuit  as  a  constant- 
current  circuit. 

As  is  well  known,  incandescent  lamps 
are  provided  with  switches  in  the 
shape  of  keys  by  which  they  can 
be  readily  connected  or  disconnect- 
ed from  the  leads  or  mains.  Sup- 
pose, now,  in  Fig.  14,  that  the  lamp  (D) 
is  turned  on  by  the  closing  of  its  circuit, 
while  the  lamps  (A),  (B)  and  (C)  have 
their  circuits  left  open.  Under  these  cir- 
cumstances, a  current  of  half  an  ampere 
will  flow  from  the  dynamo  (D),  through 
the  positive  lead  (PF)  and,  after  pass- 
ing through  the  lamp  (D),  will  return 
through  the  negative  lead  (X  X')  re-en- 
tering the  dynamo  at  its  negative  pole. 
All  parts  of  the  leads  would  therefore 
have  the  same  current  strength  of  half 
an  ampere  passing  through  them. 

X^ow  suppose  that  in  addition  to  the 
lamp  (D),  having  a  current  passing 
through  it,  the  switch  or  key  of  the  lamp 

(C)  is  closed,  thus  permitting  a  current 
of  half  an  ampere  to  pass  through  it. 
Since  this  additional  current  of  half  an 
ampere  is  drawn  from  the  dynamo  (D), 
it  is  evident  that  all  portions  of  the  posi- 
tive and  negative  leads  or  mains  lying  be- 
tween   the    lamp    (O    and    the    dynamo 

(D)  must  now  have  a  current  of  one 
ampere  passing  through  them,  since  one- 
halt  an  ampere  is  required  to  operate 
(O  and  the  remaining  half  to  operate 
(D).     There    will     then    already    be    a 
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marked  difference  in  the  current  strength 
flowing  through  the  leads  lying  between 
the  lamp  (C)  and  the  dynamo,  and  those 
lying  between  the  lamps  (D)  and  (C). 

In  the  same  way,  if  the  switch  of  the 
lamp  (B)  is  closed,  an  additional  half 
ampere  of  current  must  be  provided  by 
the  source  so  that  there  now  flows  be- 
tween' the  portions  of  the  main  connect- 
ing (B)  and  the  dynamo,  a  current  of 
one  and  a  half  amperes,  between  (B) 
and  (C),  a  current  of  one  ampere,  and 
between  (D)  and  (C)  a  current  of  half 
an  ampere. 

In  the  same  way  if  the  switch  of  the 
lamp  (A)  is  closed,  an  additional  half  an 
ampere  of  current  must  be  produced  by 
the  source,  so  that  the  different  portions 
of  the  leads  between  the  lamps  (A),  (B), 
(C)  and  (D),  respectively,  and  the 
dynamo,  must  have,  respectively,  current 
strength  of  two  amperes,  one  and  a  half 
amperes,  one  ampere  and  a  half  ampere 
as  shown. 

As  will  be  seen  the  multiple  circuit  dif- 
fers from  the  series  circuit  in  that,  in- 
stead of  all  the  electricity  flowing 
through  one  and  the  same  path,  the  cur- 


POSITIVE  LEAD 
OR   BUS  BAR 


P' 


N    NEGATIVE  LEAD 
OR  BUS   BAR 

FIG.    16.     DYNAMOS    CONNECTED    IN 
MULTIPLE  OR  PARALLEL. 


rent  divides  through  a  number  of  more 
or  less  parallel  paths. 

Perhaps  this  peculiarity  can  be  better 
understood  by  taking  the  analogous  case 
of  steam  or  hot  water  flowing  through 
the  hot  water  or  steam  radiators  em- 
ployed in  systems  of  artificial  heating. 
The  separate  radiators  may  be  regarded 
as  receptive  devices  connected  in  series 
with  the  source  of  heat  so  that  the  steam 
or  hot  water  is  obliged  to  pass  succes- 


sively through  all  the  radiators  placed  in 
the  circuit.  Or  the  radiator  may  consist 
of  a  number  of  pipes  that  are  connected 
in  multiple  as  represented  in  Fig.  15, 
where  the  steam  passing  through  the 
pipe  (PF),  which  may  be  regarded  as 
representing  the  positive  lead  or  main, 
divides  simultaneously  through  the  radi- 
ators (1),  (2),  (3)  and  (4),  which  dis- 
charge the  steam  in  equal  parallel  streams 
into  the  pipe  (NF),  which  may  be  re- 
garded as  representing  the  negative  lead. 
It  will  be  understood,  that  where  a 
great  number  of  electro-receptive  devices 
are  connected  to  a  circuit  in  multiple  or 


p 


p' 


N 


A" 


FIG.    17.     GROVE   CELLS  CONNECTED  IN 
MULTIPLE    OR    PARALLEL. 


parallel,  the  amount  of  current  the  source 
is  called  on  to  supply  will  be  great.  In 
such  cases  it  will  be  necessary  to  connect 
a  number  of  separate  sources  in  multiple 
or  parallel,  so  as  to  permit  them  to  act 
as  a  single  battery  or  source.  A  battery 
of  this  kind  is  known  as  a  multiple-con- 
nected battery,  in  order  to  distinguish  it 
from  a  series-connected  battery. 

The  connection  of  three  separate  dyna- 
mos in  multiple  to  leads  or  conductors 
(PF)  and  (N  N')  is  represented  in 
Fig.  16.  Here,  as  will  be  seen,  all  the 
positive  poles  or  brushes  of  the  three 
dynamos  (A),  (B)  and  (D),  are  separ- 
ately connected  to  the  positive  lead 
(PF),  and  all  the  negative  brushes  are 
similarly  connected  to  the  negative  lead 
(NN').  In  this  case,  supposing  the 
dynamos  of  the  same  size,  each  of  the 
leads  will  have  three  times  as  great  a  cur- 
rent poured  into  it  as  it  would  if  con- 
nected to  a  single  machine  only.  The 
leads  required  for  this  purpose  must  be 
large  and  heavy  in  order  to  carry  the 
large  current.  Such  leads  are  generally 
known  as  bus  bars,  a  contraction  for  om- 
nibus, the  Latin  word  for  "all/5  because 
they  receive  all  the  current  of  the  dyna- 
mos that  are  connected  to  them. 
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Other  electric  sources  besides  dyna- 
mos can  be  connected  in  multiple  or  par- 
allel.     For    example,    in    Fig.    17,   three 

Grove  voltaic  cells  are  represented  as 
connected  in  parallel  with  the  positive 
and  negative  leads  or  mains  (PF)  and 

(N  N').  Here,  as  before,  all  the  positive 
terminals  of  the  separate  cells  are  con- 
nected to  the  positive  lead  and  the  nega- 
tive terminals  to  the  negative  lead. 

In  the  Grove  voltaic  cell,  the  voltaic 
•elements  consist  of  zinc  and  carbon,  that 
are  immersed  in  sulphuric  and  nitric 
acids,  respectively.  The  zinc  forms  the 
positive  pole  or  terminal  of  the  cell,  and 
the  carbon,  the  negative  pole  or  terminal. 
It  is  only  necessary,  therefore,  to  con- 
nect all  the  carbon  or  positive  poles  to 
the  positive  conductor  (PF)  and  all  the 
zinc  or  negative  poles  or  terminals,  to 
the  negative  conductor  (NN').  Then 
the  conductors  (P'F)  and  (NN')  form 
the  free  positive  and  negative  conductors 
of  the  multiple-connected  battery.  As  in 
the  case  of  the  multiple-connected  bat- 
tery of  dynamos,  the  electromotive  force 
of  the  battery  of  the  three  multiple-con- 
nected cells  will  be  no  greater  than  the 
E.  M.  F.  of  any  of  the  separate  cells.  The 
amount  of  current,  however,  supplied  by 
the  battery  to  the  leads,  will  be  three 
times  as  great  as  that  which  any  of  the 
separate  cells  is  capable  of  supplying. 

(To  be  continued.) 


ELECTRIC  DENTAL  APPLIANCES. 

The  modern  dentist  often  does  all  his 
work  by  electricity,  from  the  lighting 
and  heating  of  his  offices  to  the  making 
of  plates  and  sets  of  teeth.  He  has, 
moreover,  his  own  switchboard,  by  means 
of  which  he  can  turn  the  current  on  or 
off  this  or  that  particular  instrument  or 
process.  He  heats  his  water  in  a  small 
glass  tumbler  by  electricity,  he  sterilizes 
his  instruments,  heats  his  furnace,  does 
his  annealing,  all  by  the  same  agency. 
The  following  is  a  list  of  instruments  and 
conveniences  used  by  the  dentist  and  op- 
erated by  electricity:  Engine  lathe, 
drill,  sterilizer,  annealer,  magnifying 
lamp,  furnace,  water  heater,  pyrometer, 
atomizer,  gold  annealer,  hot  air  syringe, 
mouth  lamp,  root  canal  drier,  bleacher 
point,  spatula,  antrum  lamp,  reducer,  etc. 


ELECTRIC    NEUTRAL1ZER  FOR  PRINTING 
PRESSES. 

A  serious  trouble  often  encountered 
in  the  operation  of  printing  presses  is 
the  sticking  of  the  paper  to  the  cylinder 
or  fly-sticks,  due  to  static  electricity  ac- 
cumulating on  the  sheet.  The  phenom- 
enon is  similar  to  that  noted  when  a 
comb  is  drawn  through  the  hair  and 
made  to  pick  up  small  scraps  of  paper. 
This  trouble  becomes  serious  under  cer- 
tain atmospheric  conditions  and  makes 
the  work  of  the  pressman  slow  and 
tedious. 

A  very  simple  device,  known  as  the 
Chapman  neutralize^  is  now  extensively 
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DISCHARGE  BAR 
OVER  PRESS 


used  to  overcome  this  difficulty.  It  lit- 
erally fights  electricity  with  electricity. 
It  works  on  the  principle  that  any  static 
charge,  such,  for  instance,  as  that  pro- 
duced on  the  paper,  wTill  select  from  a 
neighboring  discharge  of  alternating- 
current,  electricity  of  the  right  kind  and 
amount  to  exactly  neutralize  itself.  The 
Chapman  neutralizer,  therefore,  is  sim- 
ply a  form  of  transformer  which  takes 
the  ordinary  lighting  current  and  trans- 
forms it  to  alternating  current  at  about 
8,000  volts  pressure.  This  current  is 
carried  to  a  bar  on  the  press,  placed 
horizontally  over  the  paper  and  very 
close  to  it.  The  bar  is  provided  with 
small  metal  teeth,  and  from  these  teeth 
an  electrical  discharge  takes  place  over 
the  surface  of  the  paper,  neutralizing 
the  static  electricity  which  has  been  gen- 
erated  there. 
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EXTRACTING  GOLD  FROM  SAND. 

One  of  the  most  interesting  lines  of 
experimental  work  undertaken  during 
recent  years  by  the  United  States  Gov- 
ernment is  that  having  for  its  object  the 
extraction  of  gold  and  other  valuable 
minerals  from  sand,  heretofore  regarded 
as  valueless.  Electrically  operated  plants 
designed  to  point  the  way  to  a  utilization 
of  this  new  source  of  wealth  have  been 
in  operation  at  Portland,  Ore.,  where  the 
so-called  black  sands  of  the  Pacific  coast 
have  been  experimented  with,  and  in 
North  Carolina,  where  similar  deposits 
on  the  Atlantic  coast  have  been  subject- 
ed to  treatment. 

The  sand  from  which  it  is  desired  to 
extract  the  gold,  platinum  and  other 
precious  mineral  particles  is,  upon  ar- 
rival at  the  concentrating  plant,  placed 
in  challenge  feeders.  From  these  it  is 
elevated  by  a  belt  elevator  and  delivered 
to  a  screen  after  which  it  passes  to  a  ver- 
tical revolving  mixing  distributor,  from 
which  it  is  piped  to  the  different  con- 
centrators. 

The  concentrators,  each  of  which  is 
operated  by  motors  of  from  one-half  to 
two  horsepower,  constitute  the  most  in- 


REVOLVTNG  GOLD  EXTRACTOR. 

teresting  features  of  the  machinery 
equipment.  Various  forms  of  concen- 
trators have  been  introduced  in  this  new 
field,  but  all  possess  in  common  the  main 
essential  feature  of  a  shaking  table  fitted 
with  corrugations  or  grooves  perhaps  an 
eighth  of  an  inch  deep.  The  sand  passes 
over  this  quivering  table  under  the  in- 


fluence of  a  steady  flow  of  water.  The 
mineral  particles  settle  in  the  groove? 
and  owing  to  the  shaking  motion 
travel  along  the  grooves  to  a  pre- 
pared receptacle  at  the  point  of  dis- 
charge, while  the  lighter  waste  material 
is  washed  off  the  table  bv  the  continuous 
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flood  of  water.  After  the  pulp  is  dried 
it  is  passed  through  a  magnetic  sep- 
arator where  the  magnetic  elements  are 
extracted.  A  drying  furnace  is  also  pro- 
vided for  drying  the  concentrates  as 
they  come  from  the  various  concentrat- 
ors. This  new  plan  for  harvesting  the 
earth's  riches  will,  if  it  proves  as  suc- 
cessful as  is  now  expected,  enable  the 
profitable  manipulation  of  many  mineral 
deposits  in  all  parts. of  the  country  which 
could  not  heretofore  be  made  to  yield  a 
profit  by  dredging  or  any  other  process. 


LARGE  DAM  CONTEMPLATED. 


The    highest    dam 


anywhere  in  the 
western  country  will  be  erected  across 
the  Missouri  river  a  few  miles  from  Wolf 
Creek,  Montana,  on  the  site  of  the  pow- 
er plant  of  the  Capitol  City  Power  Com- 
pany. M.  H.  Gerry,  Jr.,  is  general  man- 
ager. The  dam  will  be  117  feet  high, 
built  of  concrete  and  steel,  and  will  back 
the  water  up  a  distance  of  18  miles.  The 
plant  making  use  of  the  power  from  this 
dam  will  generate  30,000  horsepower  of 
electricitv. 
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TROLLEY    GUARD    FOR    RAILROAD 
CROSSINGS. 

It  is  not  pleasant  to  think  what  the 
consequence  would  be  if  a  trolley  car 
were  to  become  stalled  on  a  railroad 
crossing.  Yet  such  accidents  have  been 
known  to  happen.  In  going  over  the 
rough  crossings  the  trolley  wheel  is  apt 
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TROLLEY    GUARD    FOR    RAILROAD 
CROSSINGS. 

to  be  jolted  from  the  wire  and  the  car 
left  on  the  steam  tracks  "dead,"  unless 
a  guard  of  some  kind  is  provided  to  keep 
the  trolley  wheel  in  contact  with  the 
source  of  current. 

Various  types  of  trolley  guards  have 
been  devised,  a  new  one,  possessing  many 
advantages  being  the  National  railroad 
trolley  guard.  This  guard  consists  of  a 
wire  mesh  trough  which  is  hung  in  an 
inverted  position  over  the  trolley  wire 
and     fastened     with     suitably     insulated 


guys.  The  trough  is  made  of  galvanized 
iron,  aluminum  or  copper  wire.  The 
whole  trough  is  in  electrical  connection 
with  the  trolley  and  is  therefore  charged 
with  electricity.  Should  the  trolley  wheel 
accidentally  leave  the  wire  it  will  follow 
along  the  under  side  of  the  trough  and 
keep  the  motors  supplied  with  current 
until  the  car  is  safely  over  the  track. 

The  trough  being  made  of  wire  me-h 
prevents  the  accumulation  of  snow  and 
also  offers  no  resistance  to  the  upward 
rush  of  the  locomotive  exhaust  as  in  the 
case  of  a  trough  of  solid  construction. 


A  CITY  ELLCTKICaL. 

Every  school  boy  knows  that  Chi- 
cago is  not  yet  a  hundred  years  old,  in 
name  even,  and  has  an  actual  corporate 
existence  as  a,  city  of  barely  70  years. 
Not  everyone,  however,  realizes  Chi- 
cago's still  more  wonderful  develop- 
ment in  certain  particular  lines.  The 
electric  light  has  only  been  before  the 
public  as  a  public  utility  for  some  30 
years,  yet  Chicago  bids  fair  before  very 
long  to  be  the  greatest  electrical  center 
of  all  the  world.  A  few  figures  tell  in 
part  the  story. 

Last  year  over  323,000,000  kilowatt 
hours  of  electric  current  were  supplied 
the  Chicago  public.  Compare  this  with 
London  with  its  population  of  6,000.- 
000.  Last  year  according  to  the  gov- 
ernment report  the  so-called  "World's 
Metropolis"  was  supplied  with  but 
213,000,000  kilowatt  hours.  The  elec- 
tric light  was  first  introduced  over  there 
at  the  same  time  that  it  was  in  Chicago, 
and  it  would  seem  that  the  advantage 
would  be  all  with  the  older  city.  But 
Chicago  moves  swiftly  and  London 
somewhat    ponderously. 

In  a  year  or  two  Chicago  will  hive 
the  low  rate  of  seven  cents  per  unit  or 
kilowatt  hour,  which  it  is  said  will  be 
the  cheapest  rate  in  the  world,  showing 
a  profit  to  the  producers  of  the  elec- 
tricity as  well.  There  may  be  appar- 
ently cheaper  rates  given  by  certain  mu- 
nicipal plants,  but  consumers  eventually 
pay  more  than  the  difference  in  taxes. 
And  Chicago  is  developing  in  every  way 
electrically — new  electric  lines  year  h\ 
year  and  new  electric  amusement  parks. 
It  is  in  popular  demand  this  wonderful 
electricitv. 


NATURE  OF  A  LIGHTNING  DISCHARGE. 


With  the  best  appliances  ever  con- 
structed by  man  an  electric  spark  or 
discharge  can  only  be  made  to  jump 
through  the  air  a 
•distance  of  five  to 
ten  feet ;  and  this 
with  apparatus  that 
will  develop  hun- 
dreds of  thousands 
of  volts.  What  then 
must  be  the  enorm- 
ous electrical  pres- 
sure or  voltage  that 
will  cause  a  light- 
ning flash  to  leap 
from  cloud  to  cloud 
or  cloud  to  earth? 
Xo  one  knows.  But 
it  is  certainly  up  in 
the  millions  of  volts 
— too  great  for  the 
mind  to  conceive. 

The  views  shown 
herewith,  the  two 
lower  ones  secured 
through  the  courtesv 


straight  path  ;  others  branch  out  into  fan- 
tastic forms. 

Atmospheric  electricity  is  known  to 
be  a  form  of  static 
electricity.  Static 
electricity  is  the  kind 
which  is  generated 
by  friction.  Most 
people  have  tried  the 
experiment  of  rub- 
bing their  feet  rap- 
idly over  a  carpet 
and  then  holding  the 
finger  near  a  gas  jet. 
The  spark  which 
jumps  from  the  fin- 
ger and  passes  to 
earth  through  the 
gas  pipe  is  a  static 
discharge  similar  to 
lightning.  It  is  be- 
1  i  e  v  e  d  that  the 
clouds,  as  they 
move  s  w  i  f  1 1  y 
through  the  air,  be- 
come   charged    with 


of  the  General  Electric  Company,  are 
from  excellent  photographs  of  actual 
lightning  discharges.  It  is  interesting 
to  study  the  peculiar  form?  of  these  dis- 
charges. They  seem  to  follow  no  defi- 
nite law.     Some  follow  a  comparatively 


this  frictional  or  static  electricity  to 
such  an  extent  that  the  enormous  resist- 
ance of  the  air  is  broken  down  and  the 
lightning  flash  as  it  leaps  from  the  cloud 
to  the  earth  is  the  readjustment  of  the 
unbalanced  electrical  forces. 
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ELECTRICITY  ON  THE  FARM. 

The  Department  of  Agriculture  has 
sent  an  expert  to  South  Dakota  to  aid 
a  co-operative  association  formed  to  con- 
struct an  electrical  generating  plant  for 
the  purpose  of  furnishing  light,  heat  and 
power  for  the  farmers  for  miles  around. 
The  farmers  are  very  enthusiastic  over 
the  proposition  and  the  department  ex- 
perts, while  more  cautious  in  their  state- 
ments, predict  that  the  success  of  the  pro- 
posed venture  will  ultimately  work  a  rev- 
olution in  farm  life. 


THE  ALDEN  WIRELESS  TELEPHONE. 

Now  that  the  wireless  telegraph  has 
become  a  commercial  success  inventors 
are  turning  their  attention  to  wireless 
telephony,  and  already  systems  have  been 
constructed  with  varying  degrees  of  suc- 
cess.    Among  the  wireless  telephone  in- 


AERIAL  FOR  ALDEN  WIRELESS 
TELEPHONE. 


ventors  is  Mr.  Charles  E.  Alden  of  Cot- 
tage City,  Mass.,  a  suburb  of  Boston. 
Mr.  Alden,  by  the  way,  is  a  direct  de- 
scendant of  the  famous  John  Alden  of 
Puritan  days. 

The  Alden  system  of  wireless  telephony 
is  said  to  be  based  upon  a  principle  close- 


ly allied  to  that  of  the  Marconi  wireless 
telegraph,  although  the  details  of  the  con- 
struction have  not  as  yet  been  given  out. 
Like  the  wireless  telegraph,  the  apparatus 
requires   aerial   wires.     One  of  the   pic- 


MR.    ALDEN  AND  HIS   WIRELESS 
TELEPHONE. 


tures  shows  an  aerial  of  Mr.  Alden's  ex- 
perimental system  and  the  other  shows 
the  inventor  with  his  apparatus.  Con- 
versations are  said  to  be  carried  on  per- 
fectly over  distances  up  to  two  miles. 

ELECTRICITY   TO   CURE     DRUNKENNESS 

In  an  address  delivered  recently  be- 
fore the  Frances  E.  YYillard  union  of  the 
W.  C.  T.  U.  in  Xew  York.  Andrew  Mc- 
Connel  of  Washington.  D.  C.  explained 
that  through  an  appreciation  of  the  pos- 
sibilities of  human  electricity,  bodily  ills 
may  be  reached  by  a  proper  understand- 
ing and  direction  of  vital  force.  In  his 
view  the  organs  of  the  body  generate  an 
electric  current,  which  may  be  stored  and 
used  as  a  stimulant  to  renew  strength 
and  vitality.  In  the  case  of  the  drunkard. 
Mr.  McConnell  explained  that  the  ef- 
ficiency of  the  body  had  fallen  below  par 
and  this  artificial  means  had  been  em- 
ployed to  revivify.  The  desire  tor  drink 
could  be  obviated  by  proper  training  in 
the  value  oi  carefully  stored  human 
electricity. 


ELECTRICAL  ILLUMINATION  OF  NIAGARA  FALLS 


It  has  been  said  that  man's  audacity 
established  a  new  record  when  the  at- 
tempt was  made  to  improve  upon  nature 
by  increasing  the  beauties  of  Niagara 
Falls.  However  that  may  be,  it  is  a  fact 
that  during  dark  nights  the  splendors 
of  Niagara  are  hidden  from  sight,  and 


ted  some  months  ago  for  a  permanent 
equipment  of  searchlights  for  illuminat- 
ing the  falls  at  night.  The  cost  of  an  in- 
stallation as  contemplated  would,  how- 
ever, be  too  great  to  assume  without 
knowing  beforehand  what  the  effect 
would  be.  So  a  temporary  equipment  was 


[LLUMINATION   OF  THE  FALLS  FROM   THE  CANADIAN   SIDE. 


ELECTRIC   AURORA   DD7ERGED. 


that  by  the  aid  of  electric  searchlights 
this  has  been  overcome,  and  beautiful 
effects  obtained  which  rival  the  daylight 
scene. 

Plans  and  specifications  were  submit- 


put  in  last  September  for  trial,  with 
which  the  beautiful  effects  shown  in  the 
accompanying  illustrations  were  secured. 
These  views  were  obtained  through  the 
courtesy  of  the  General  Electric  Review. 
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Three  batteries  of  electric  searchlights 
were  placed  at  advantageous  points. 

Battery  No.  I  comprised  n  30-inch 
and  10  18-inch  projectors  installed  on  a 
platform  250  feet  long,  located  in  the 
Gorge  at  a  point  midway  between  the 
American  and  Horseshoe  Falls,  20  feet 
above  the  water's  edge,  and  approxi- 
mately 1,200  feet  from  the  center  of 
Goat  Island. 

Battery  No.  2  consisted  of  four  30- 
inch  projectors  placed  on  what  is  known 
as  the  "spillway"  of  the  Ontario  Power 
Company,  approximately  3,500  feet  from 
the  American  Falls. 

Battery  No.  3  was  made  up  of  11 
18-inch  projectors  located  in  Victoria 
Park  about  1,500  feet  from  the  center  of 
the  American  Falls. 

So  satisfactory  was  the  temporary 
equipment  that  a  permanent   equipment 


BATTERY  OF   SEARCHLIGHTS. 

aggregating  2,000,000   candlepower  will 
be  installed. 

Mr.  W.  D'A.  Ryan,  the  illuminating- 
engineer  who  planned  the  installation,  is 
of  the  opinion  that  the  most  beautiful 
effects  were  obtained  by  the  use  of  white 
light.  On  this  point,  however,  there  ap- 
peared to  be  considerable  difference  of 
opinion.  There  is  no  question  that  the 
introduction  of  soft  clear  colors  through 
suitable  screens  did  not  detract  from  the 


beauty  of  the  falls,  but  lent  a  pleasing 
variety  of  effects,  which  appeared  to  be 
greatly  admired  and  appreciated  by  the 
thousands  of  people  who  thronged  the 
parks  on  both  sides  of  the  river  even- 
evening.  An  additional  variation  was  in- 
troduced by  noiselessly  exploding  loose 


A    BEAUTY   SPOT    ILLUMINATED. 

giant  powder  in  front  of  the  main  bat- 
tery of  searchlights.  This  formed  a 
blanket  of  pure  white  smoke,  appearing 
as  a  cloud  into  which  the  colors  were  in- 
troduced. The  sunset  effects  thereby 
produced  in  the  water  were  beautiful  be- 
yond description. 


EXTRAORDINARY     GROWTH     OF    ELEC- 
TRIC RAILWAYS. 

Secretary  B.  V.  Swenson  of  the  Amer- 
ican Street  and  Interurban  Railway  As- 
sociation gives  some  interesting  figures 
in  a  pamphlet  recently  issued  in  the  in- 
terests of  the  association.  In  the  year 
1907,  approximately  1,200  street  and  in- 
terurban railway  companies,  operating  in 
the  United  States,  carried  nearly  8,0 
000,000  passengers.  These  companies 
operate,  in  round  numbers,  an  aggregate 
of  00,000  ears  over  an  aggregate  of  40,- 
000  miles  of  track.  The  total  capital  in- 
vested in  these  electric  railways  amounts 
to  approximately  $4,000.0x^0.0. 


WIRELESS  TELEGRAPHY  MADE  SIMPLE. 

BY  V.  H.  LAUGHTER. 

PART    II. 

WIRELESS  TELEGRAPH  TRANSMITTERS. 


THE  simplest  means  for  sending  out 
the  signals  in  wireless  telegraphy  is 
the  plan  originally  used  by  Mar- 
coni, described  in  Part  I.  The  sending 
end  as  explained  consists  of  a  spark  coil 
with  the  secondary  terminals  leading  to 
the  spark  balls,  or  oscillators,  which  in 


Tuned  Sending  Circuit. 
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turn  lead  to  the  earthed  terminal  and 
aerial  wire.  When  the  high  frequency 
current  breaks  down  the  resistance  of  the 
air  gap  separating  the  spark  balls,  the 
wave  motion  is  set  up  which  produces  a 
like  wave  motion  in  the  ether  and.  is 
picked  up  by  a  suitable  receiving  end. 
Such  a  means  for  transmitting  is  excel- 
lent for  experimental  work,  yet  when  the 
distance  becomes  greater  and  the  condi- 
tions require  a  set  that  will  work  without 
outside  influences,  a  more  complicated 
tranmitter  is  required. 

The  main  objection  to  the  open  circuit 
system  described  in  Part  I  is  that  the 
emitted  wave  is  of  short  duration,  that  is, 
the  damping  effect  of  the  open  circuit  is 
very  great  and  the  maximum  power  of 
the  coil  cannot  be  secured,  as  a  certain 
amount  of  the  energy  may  be  lost  in 
charging  an  aerial  not  in  unison  or 
"tune"  with  the  coil  supplying  the  en- 
ergy. 

In  commercial  wireless  work,  and  for 
long  distance  experimenting,  means  are 


provided  whereby  the  sending  and  re- 
ceiving ends  are  placed  in  tune  with  one 
another.  This  may  not  be  clear  to  all 
and  can  best  be  explained  by  the  action, 
of  the  tuning  fork.  When  a  tuning  fork 
is  set  in  vibration  and  brought  near  a 
second  tuning  fork  of  the  same  size,  the 
second  one  will  take  up  the  vibration  as 
well.  If  the  sizes  be  different,  however, 
the  vibration  will  not  be  taken  up  by  the 
latter,  due  to  the  difference  in  the  period 
and  frequency  of  the  wave,  which  affects 
the  receiving  fork  best  when  the  two  are 
of  the  same  size. 

The  above  conditions  are  supposed  to 
be  present  in  the  operation  of  a  wireless 


FIG. 


TUNING    COIL. 


set.  When  two  closed-circuit  sets  are 
tuned  with  one  another  a  wave  of  a 
certain  vibration  is  set  up  at  the  sending 
end,  which  produces  the  maximum  re- 
sults at  the  receiving  end  "when  both  are 
tuned  to   the   same   wave   length. 
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The  tuning  of  the  sending  end  is  ac- 
complished by  bridging  a  number  of 
Leyden  jars  in  series  with  an  inductive 
wound  resistance  coil  around  the  spark 
^ap  as  shown  in  Fig.  6. 

It  may  be  well  at  this  point  to  explain 
the  operation  of  a  Leyden  jar  and  also 
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what  is  meant  by  an  inductive  resistance. 
A  Leyden  jar  consists  of  a  glass  jar  hav- 
ing- a  coating  of  tin  foil  on  the  inside  and 
another  on  the  outside,  each  coating  ex- 
tending only  part  .way  up  the  side  of  the 
jar.  If  the  outside  coating  of  tin  foil  be 


discharged.  In  the  wireless  set  the  high 
frequency  current  charges  the  Leyden 
jars,  which  discharge  across  the  spark 
gap  with  a  crash,  sending  out  a  wave  of 
much  longer  duration  than  the  open  cir- 
cuit set  described  in  Part  I.  This  charg- 
ing and  discharging  of  the  Leyden  jars 
occurs  at  every  swing  of  the  vibrator, 
resulting  in  a  hot,  fat  spark  that  is  espe- 
cially desirable  for  wireless  work.  The 
Leyden  jars  used  should  be  four  of  the 
one  quart  size,  so  connected  that  different 
numbers  could  be  thrown  in  the  circuit, 
as  the  capacity  will  vary  with  the  differ- 
ent sets. 

An  inductive  resistance  is  simply  a  coil 
of  wire  wound  in  the  form  of  a  spiral. 
Direct  current  will  pass  through  this 
wire  spiral  impeded  only  by  the  natural 
resistance  of  the  wire,  which  is  compara- 
tively small.  When  alternating  current 
is  passed  through  such  a  coil,  however, 
the  rapid  alternations  of  the  current  set 
up  little  waves  of  magnetism  around  the 
wire,  which  oppose  the  flow  of  current 
and  exert  a  dampening  effect,  which, 
added  to  the  natural  resistance,  makes  it 
very  hard  for  alternating  current  to  pass 
through  the  coil  or  helix. 


FIG.    9.      DK    FOREST    SENDIN< 


1YSTEM. 


connected  with  one  terminal  of  a  source 
of  electricity  and  the  inside  coaling  con- 
nected to  the  other  terminal,  the  jar  will 
absorb  a  certain  charge,  which  it  holds 
stored  up  until  the  two  coatings  of  tin  foil 
are  electrically  connected,  when  the  jar  is 


The  arrangement  of  the  Leyden  jars 
(D)  and  the  inductive  coil  or  helix  1  E  I 
is  shown  in  Fig.  6,  and  constitutes  the 
tuning  apparatus  oi  a  sending  station. 
The  tuning  coil  or  helix  is  composed  of 
[O  turns  of  copper  wire  wound  on  a  hard 
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rubber  frame  10  inches  high  and  eight 
inches  in  diameter  as  shown  in  Fig.  7. 
The  lead  from  the  spark  gap  (see  Fig. 
6)  to  the  tuning  coil  is  made  of  flexible 


5tone  Sending  End 
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FIG.    10. 

conducting  cord  with  clamp  connection 
soldered  to  the  end  so  that  the  inductance 
of  the  circuit  may  be  varied  instantly  by 
coupling  on  to  the  different  windings 
at  any  point,  as  shown  in  Fig.  7.  The 
wire  used  in  winding    the     tuning     coil 


FIG.     11.     MASSIE     SYSTEM     COMPLETE. 

should  be  of  the  same  size  as  used  in  the 
aerial  wire.  The  method  of  tuning  the 
sending  and  receiving  end  will  be  taken 
up  in  a  later  chapter. 

The  DeForest  system,  as  well  those  of 
the  principal  other  companies,  has  re- 
placed the  spark  coil  with  an  oil 
transformer  which  is  energized  from 
an  alternating  current  generator, 
the      Leyden      jars      being      connected 


directly  across  the  spark  gap  as 
in  the  circuit  just  described.  The  oil 
transformer  consists  of  the  primary  of  a 
few  turns  of  heavy  wire  inside  of  which 
is  placed  a  greater  number  of  turns  of 
smaller  wire  comprising  the  secondary 
and  immersed  in  oil.  The  arrangement 
is  shown  in  Fig.  8. 

The  DeForest  sending  system  complete 
is  shown  in  Fig.  9. 

There  are  quite  a  number  of  systems 
in  use,  all  of  which  have  their  special 
features  and  points  of  advantage.  Under 
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FIG.    12. 

this  heading  may  come  the  Stone,  Massie, 
Fessenden,  DeForest  and  several  others 
of  importance.  The  Slaby-Arco  system, 
which  is  of  German  manufacture,  is  also 
employed  in  the  U.  S.  Navy  as  well  as 
the  others  mentioned  above. 

FESSENDEN  SENDING  END 
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Inventors  of  the  Stone  system  have  de- 
voted quite  a  lot  of  attention  to  the  per- 
fection of  non-interference  svstems  and 
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have  done  creditable  work  along  this  line. 
The  diagram  of  the  Stone  sending  end  is 
shown  in  Fig.  10  and  differs  from  the 
plan  of  the  tuned  set  in  Fig.  6  by  using 
what  is  known  as  the  inductively  con- 
nected circuit,  which  is  provided  with  a 
second  transformer  set,  with  secondary 
leading  to  the  aerial.  At  the  sending  end 
of  the  Massie  sets  the  current  is  usually 
supplied  by  means  of  a  motor-generator 
to  the  transformer,  which  in  turn  charges 
the  aerial  wire.     In  Fig.  n  is  shown  the 


less  telegraphy.  He  has  done  other  note- 
worthy work  as  well,  but  particularly 
with  receiving  ends.  The  operation  and 
construction  of  the  detector  will  be  taken 
up  in  a  later  issue.  The  plan  of  the  Fes- 
senden  sending  end  is  shown  in  Fig.  13 
and  consists  of  the  transformer  (Bj. 
which  charges  the  oscillating  circuit,  the 
spark  gap  (C),  condensor  (E),  induc- 
tance helix  and  aerial  (F),  and  ground 
(D). 

As  will  be  noted  the  ground,  instead 


FIG.  14.  FESSENDEN  WIRELESS  SYSTEM. 


complete  set.  To  the  right  is  the  trans- 
former, in  the  center  the  hot  wire  am- 
meter which  is  used  in  measuring  the 
wave  length,  next  come  the  inductance 
helix,  spark  gap  and  condensor.  The 
condensors  used  in  place  of  Leyden  jars 
are  of  the  glass  plate  kind,  consisting  of 
thin  glass  plates  covered  with  tin  foil 
having  a  very  low  capacity.  To  the  ex- 
treme left  is  shown  the  complete  re- 
ceiving set.  Fig.  12  is  a  diagram  of  the 
connections  of  the  Massie  sending  end. 

To  Prof.  Fessenden  is  given  credit  for 
being  inventor  of  the  electrolytic  detec- 
tor, which  is  one  of  the  most  sensitive  re- 
ceiving devices  known  for  use  in  wire- 


of  being  connected  onto  the  lower  part 
of  the  inductance  coil,  as  in  usual  cases. 
is  placed  behind  the  condensor  (C).  In 
Fig.  14  is  shown  the  disposition  and  ar- 
rangement of  the  various  parts  of  the 
apparatus. 

The  Slaby-Arco  system  is  nearly  simi- 
lar to  the  Fessenden.  the  difference  lying 
in  the  placing  of  the  condensor  and 
ground.  The  inventors  claim  some  spe- 
cial theoretical  points  for  this  sysl 
which  need  not  be  taken  up  here.  In 
operation  the  Slaby-Arco  system  is  the 
same  as  the  others  given,  and  need  not  be 
repeated. 

(To  be  continued.) 


ELECTRIC  "TUBES"  OF  LIGHT. 


Davlight 


form  of  artificial  lighting-. 


is  hard  to  imitate  by  any 
But  the  new 
Moore  light  furnishes  a  very  close  ap- 
proximation. Tubes  of  light  are  so  much 
different  from  points  of  light,  character- 
istic of  all  other  forms  of  illumination, 
with  the  exception  of  the  mercury  vapor 
lamp,  that  considerable  wonder  is  ex- 
cited when  they  are  seen  for  the  first 
time. 

The   Moore   light   consists   of  a   clear 


Fig.  i  shows  the  interior  of  the  rib- 
bon department  of  a  store  lighted  by  the 
white  Moore  light.  Colors  are  matched 
under  this  light  at  night  and  on  dark 
days  with  the  same  accuracy  as  in  day- 
light. 

Fig.  2  will  give  a  careful  investigator 
an  idea  of  how  the  system  operates.  First 
will  be  noted  the  transformer,  which  pro- 
duces the  special  form  of  electricity  that 
is  essential.     This  is  the  large  device  in 


FIG.    1.      STORE    LIGHTED    WI1H   MOORE   TUBES. 


glass  tube  about  two  inches  in  diameter, 
and  long  enough  to  extend  all  the  way 
around  a  room  or  over  the  area  to  be 
lighted.  This  tube  is  filled  with  car- 
bonic acid  gas.  On  connecting  a -suit- 
able electric  current  to  the  two  ends  of 
this  tube,  artificial  daylight  results,  be- 
cause the  light  seems  to  come  from 
everywhere.  All  objects  under  the  tubes, 
no  matter  how  delicate  their  peculiar 
shades  of  color  may  be,  appear  exactly 
as  they  do  under  natural  light.  When 
nitrogen  gas  is  substituted  for  carbonic 
acid  gas  the  color  changes  from  a  pure 
white  to  a  golden  sunset  hue. 


the  center  of  the  frame.  Second,  the 
feed  valve  will  be  seen  to  the  right.  This 
is  necessary  to  feed  the  gas  to  the  tube, 
since  the  electricity  by  slow  degrees  eats 
up  the  gas  through  which  it  has  to  flow 
in  order  to  produce  the  light,  and  it  is 
necessary  to  provide  means  to  replenish 
this  small  quantity  of  gas.  The  tube 
breathes  in  a  fresh  quantity  of  gas  in  a 
manner  almost  identical  to  that  in  which 
a  mud  turtle  takes  a  breath  of  air.  When 
air  alone  is  fed  to  a  Moore  tube  it  be- 
comes an  electric  "air"  light. 

There  are  many  other  interesting  fea- 
tures in  connection  with  this  light.     For 
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example,  all  of  the  electrical  apparatus  is 
contained  in  the  terminal  box,  as  shown 
in  Eig.  2,  which  is  closed  and  fastened 
with  a  lead  seal.  The  tube  cannot,  there- 
fore, set  fire  to  anything',  because  it  is 
always  cool,  that  is,  about  the  tempera- 
ture of  the  hand,  and  as  no  shock  is  felt 


FIG. 


TERMINAL  BOX  FOR  MOORE 
TUBES. 


in  touching  the  tube  it  is  a  very  safe 
method  of  lighting. 

Electricity  applied  to  a  tube  filled  with 
gas  at  ordinary  atmospheric  pressure  can 
be  made  to  give  no  light,  but  if  the  gas 
within  the  tube  is  only  about  one-mil- 
lionth as  dense  as  ordinary  air  then  the 
electricity  will  flow  with  comparative 
ease  and  incidentally  produce  this  re- 
markable light.  Therefore,  a  vacuum 
pump  is  required  in  the  construction  of 
one  of  these  tubes,  which  rarifies  the  gas 
so  that  it  will  become  a  good  conductor. 

Of  course  it  is  not  practical  to  trans- 
port a  lamp  200  feet  or  more  in  length. 
The  tubes  are,  therefore,  sent  out  in 
sections  about  eight  feet  long,  and  at  the 
present  time  these  sections  are  joined 
together  on  the  premises  where  the  light 
is  desired,  by  fusing  or  melting  together 
the  ends  of  two  tubes.  In  this  way  a  tube 
of  any  length  is  put  together.  It  might 
be  said,  therefore,  that  a  new  trade  has 
been  born — glass  plumbing. 


JOERiN  SINGING  ARC  LAMP. 

One  of  the  strangest,  and  to  the  novice 
the  most  mysterious  applications  of  elec- 
tricity is  the  singing  arc.  Imagine  an 
arc  lamp  that  sings,  talks  and  whistles. 
Yet  an  ordinary  arc  lamp  may  be  marie 
to  do  these  things.  To  those  familiar 
with  electricity  the  process  is  simple.  A 
telephone  transmitter  is  connected  with 
the  arc  lamp  and  the  vibrations  of  the 
voice  when  speaking  into  the  transmitter 
are  made  to  vary  the  resistance  of  the  arc 
lamp  circuit,  and  as  a  consequence  vibra- 
tions are  set  up  in  the  flame  of  the  arc. 
These  vibrations  or  rlickerings  are  won- 
derfully rapid  and  set  up  corresponding 
sound  vibrations  in  the  air,  which  are  in 
accord  with  the  voice  vibrations  sent  into 
the  transmitter.  In  this  manner  the  arc 
is  made  to  sing  and  talk. 

Many  noted  scientists  have  experi- 
mented with  the  singing  arc  but  no  ex- 
tensive application  was  made,  however, 
until  recently,  when  Air.  Arthur  E. 
Joerin  of  Chicago  developed  a  simple 
equipment  for  using  the  singing  arc  as  a 


device  for  entertainments.  A  picture  of 
the  Joerin  apparatus  is  shown  herewith. 
By  inserting  this  outfit  in  the  inducing 
circuit  of  a  medium  sized  dynamo,  which 
feeds  a  number  of  arc  lamps,  say  in  an 
amusement  park,  it  will  be  found  that  all 
the  arc  lamps  will  whistle,  sing,  repro- 
duce dances  and  military  marches  sur- 
prisingly loud,  providing  the  arrange- 
ment be  properly  carried  out.  We  thus 
have  before  us  the  interesting  possibility 
of  future  evening  strolls  through  the 
park,  enlivened  by  strains  of  music  ema- 
nating from  the  singing  arcs. 


HANDLING  75,000  VOLT  CURRENT. 


The  Edison  Electric  Company  of  Los 
Angeles,  Cal.,  stands  in  the  front  rank 
in  this  country  in  the  development  of 
electrical  energy  for  power  and  lighting 
Durposes,  its  total  output  being  nearly 
60,000  horsepower.  The  company  gen- 
erates power  by  both  steam  and  water 
power  plants  located  in  different  sections 
of  southern  California,  but  all  are  con- 
nected by  transmission  lines  with  the 
main  distributing  station  at  Los  Angeles, 
which  makes  the  total  amount  of  power 
generated  available  in  that  city  at  any 
time,  if  required. 

One  of  the  most  interesting  plants  in 
the    entire    system    is    the    water    power 


mense  insulators  which  are  placed  on 
steel  towers  instead  of  the  old  style 
wood  poles. 

One  of  the  greatest  difficulties  in  the 
transmission  of  power  at  this  pressure 
is  the  turning  on  or  off  of  the  power  at 
the  various  stations  along  the  line  and 
providing  an  apparatus  for  automatic-' 
ally  cutting  it  off  in  case  of  trouble.  In 
these  stations  power  is  taken  from  the 
main  transmission  line  through  trans- 
formers which  reduce  the  pressure  from 
75,000  volts  down  to  500  volts  for  trol- 
ley cars  or  no  volts  for  lighting  pur- 
poses. Circuit  breakers,  which  are  sim- 
ply automatic  switches,  are  used  in  these 


75,000  VOLT   OIL   SWITCHES. 


station  located  on  the  Kern  River,  about 
125  miles  from  Los  Angeles,  in  the 
Sierra  Madre  Mountains.  Here  power 
is  generated  by  water  from  the  melting 
snows  in  the  high  mountains  and  trans- 
mitted to  Los  Angeles  and  other  cities 
where  it  is  used  for  lighting  and  power 
purposes  and  for  running  trolley  cars. 
This  power  is  transmitted  at  the  tre- 
mendous pressure  of  75,000  volts,  over 
six  heavy  copper  cables  carried  on  im- 


stations  for  turning  the  power  on  or 
off,  the  automatic  feature  being  designed 
to  instantly  cut  off  the  power  in  case 
of  trouble,  which  if  left  on  for  a  fev 
seconds  only  might  cause  thousands  of 
dollars'  worth  of  damage  in  burning  out 
expensive  transformers  or  other  appa- 
ratus. 

The  great  necessity  for  a  circuit 
breaking  device  for  such  high  voltages 
resulted  in  the  development  of  Kelman's 
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automatic  oil  circuit  breakers,  which 
are  now  installed  in  all  stations  on  the 
Edison  Electric  Company's  lines,  and 
which  are  doing  the  work  required  of 
them  in  an  entirely  satisfactory  man- 
ner. 

The  switch  blades  which  open  or 
close  the  circuit,  thus  turning  off  or  on 
the  power,  are  placed  in  large  iron 
tanks,  as  shown  in  the  picture,  which 
are  rilled  with  oil,  it  being  necessary  to 
use  the  oil  in  order  to  prevent  the  de- 
structive "arc"  which  would  result  if 
the  circuit  was  opened  in  the  air.  This 
arc  or  flash  would  be  of  the  same  nature 
as  that  which  is  often  noticed  at  the 
trolley  wheel  of  a  car,  as  it  spins  along 
on  the  trolley  wire,  but  whereas  in  the 
case  of  the  car  it  means  only  a  harm- 
less flashing,  in  the  case  of  turning  off 
a  large  amount  of  power  at  75,000  volts, 
this  arc  or  flash  might  be  anywhere 
from  10  to  20  or  30  feet  long  or  even 
more.  Such  a  flash  would  be  intensely 
hot  and  would  be  very  apt  to  result  in 
a  destructive  fire. 

It  may  seem  strange  that  oil,  being  of 
an  inflammable  nature,  is  used  in  the 
tanks  instead  of  water.  But  water  is 
a  conductor  of  electricity  and  the  fluid 
used  to  "drown  out"  the  arc  must  be  a 
non-conductor.  Oil  is  a  non-conductor. 
The  mechanical  arrangement  of  the 
blades,  combined  with  the  great  weight 
of  oil,  is  such  as  to  practically  prevent 
the  formation  of  an  arc,  or  in  other 
words,  the  arc  is  actually  "drowned 
out"  before  it  is  formed,  on  the  theory 
that  prevention  is  better  than  cure. 


the  foundation  stone  of  a  great  '"Peace 
statue"  to  be  erected  on  the  Plains  of 
Abraham,  marking  the  final  union  of 
French  and  English  Canadians. 


QUEBEC'S  ELECTRIC  ILLUMINATIONS. 

Quebec,  oldest  city  of  Canada,  is  to 
have  a  great  celebration  in  August.  The 
three-hundredth  anniversay  of  the  town 
is  to  be  commemorated  by  fetes  and  il- 
luminations. American,  British  and 
French  warships  to  the  number  of  24  or 
more  will  be  there  to  help,  and  they  will 
be  illuminated  by  electricity  each  night. 
Special  electrical  illuminations  are  being- 
arranged  for  the  heights  of  the  citadel 
and  the  upper  town,  including  the  famous 
Frontenac  hotel,  and  they  are  expected  to 
surpass  any  of  the  kind  ever  before  seen. 
It  is  expected  that  the  Prince  of  Wales 
will  be  there  from  England  and  will  lav 


MOTOR  DRIVEN  ERASER 

FOR    DRAUGHTSMEN. 

A  new  application  of  the  electric  mo- 
tor is  for  the  operation  of  an  eraser.  The 
device  is  adapted  for  use  in  draughting 
rooms  and  is  superior  to  the  hand  eraser 
as   it   is   said   to   make   absolutely   clean 


erasures,     owing    to   the   high   speed   at 
which  the  eraser  wheel  revolves. 

The  eraser  wheel  is  driven  with  a  flex- 
ible shaft  by  a  small  Westinghouse  in- 
duction motor,  which  is  easily  moved 
from  table  to  table  in  the  draughting 
room.  The  motor  is  provided  with  a 
flexible  cord  and  plug  for  attachment 
to  the  incandescent  lamp  socket  which 
is  usually  provided  at  each  draughts- 
man's table. 


THE  KILOWATT   MADE   EASY. 

When  the  Commonwealth  Edison 
Company's  rate  ordinance  was  before 
the  city  council  of  Chicago  a  short  time 
ago,  one  of  the  city  fathers  in  opposing 
a  motion  to  postpone  the  passage  of  the 
ordinance  remarked  that  "it  didn't  mat- 
ter if  the  aldermen  waited  a  year  they 
wouldn't  know  the  difference  between  a 
kilowatt  and  a  mutton  chop  even  at  the 
end  of  that  time."  For  their  benefit  and 
that  of  the  public  at  large  here  is  the 
kilowatt  made  easy. 

Measurement    of    electrical    power    is 
expressed  in  waits,  the  same  as  mechan- 
ical  power  is   measured    in    horsepcrv 
The  watt  is.  therefore,  the  rate  at  which 
work    is   done   by    electric    current.      746 
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watts  represent  one  horsepower.  This 
unit   is   too   small,  however,   to  measure 

large  quantities  of  current :  it  runs  up 
into  too  many  figures.  So  another  unit  is 
used  for  commercial  purposes — the  kilo- 
watt. This  equals  i.ooo  watts.  The  kilo- 
watt, however,  only  measures  the  rate  ot 
work.  To  express  the  actual  amount  of 
work  done  the  time  element  must  come 
in.  that  is.  we  must  know  how  long  the 
current  is  flowing.  A  current  of  one 
kilowatt  flowing  for  one  hour  will  do  a 
certain  amount  of  work.  If  it  flows  for 
two  hours  it  will  do  twice  as  much  work. 
and  so  on.  An  arbitrary  unit  of  work 
has  been  chosen,  therefore,  for  commer- 
cial purposes.  It  is  the  kilowatt  hour. 
This  represents  the  work  of  1.000  watt-. 
or  one  kilowatt,  flowing  for  one  hour.  It 
is  a  little  more  than  a  horsepower  hour. 
Electric  light  and  power  companies, 
consequently,  charge  a  given  sum  for  a 
kilowatt  hour. 


ELECTRIC  FAN  DRIES  BLUE  PRINTS. 

A    quick    way    to    dry    blue   prints    or 
photographic  prints  is  by  the  use  of  an 

electrically  operated  propeller  fan  as 
shown  in  the  picture  herewith.  The  fan 
is  mounted  in  one  end  of  a  long  frame, 
in    which    the   blue   prints    are    hung   up 


FAN  FOR  DRYING  BLUE   PRINTS. 

ready  to  dry.  It  would  ordinarily  re- 
quire several  hours  for  the  prints  to  dry 
out  by  themselves,  but  with  the  aid  of 
the  Sturtevant  propeller  fan  the  air  may 
be  circulated  around  the  prints  so  rap- 
idly that  they  will  be  dried  in  a  small 
fraction  of  that  time.  As  shown  in  the 
picture  the  fan  is  mounted  in  a  circular 


opening  in  the  end  of  the  frame.  The 
motor  is  attached  directly  to  the  shaft 
of  the  fan. 


EMERGENCY   STREET    RAILWAY    LIGHT. 

The  illustration  clearly  describes  a 
unique  emergency  lighting  apparatus 
used  by  a  repairing  crew  with  a  large 
street  railway   company  where  a   strong 
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EMERGENCY  STREET   RAILWAY  LIGHT. 

light   was   sometimes   wanted   along   the 
track  after  dark. 

The  construction  is  very  simple.  A 
wooden  pole  with  a  length  equal  to  the 
average  height  of  the  trolley  wire  is 
provided  at  the  top  with  an  iron  hook 
and  at  the  bottom  with  a  shoe  for  clasp- 
ing the  rail.     At  a  height  of  about  seven 
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feet  is  an  iron  bracket  supporting  a  five- 
light  series  cluster  with  an  enameled 
steel  reflector.  Below  this  is  a  single 
pole  jack-knife  switch.  Insulated  wire 
is  run  down  the  pole  and  attached  to  it 
by  cleats. 

To  operate,  merely  hang  the  hook  over 
the  trolley  wire  and  spring  the  lower 
shoe  over  the  rail.  Throw  on  the  switch 
and  circuit  is  completed,  giving  a  strong 
light  where  required. 


A  TELEGRAPH  THAT  PRINTS. 

A  revolution  in  the  receiving  and  the 
sending  of  telegraph  messages  is  taking 
place  throughout  the  United  States.  This 
new  era  in  the  telegraph  business  is  due 
to  the  Barclay  printing  telegraph  system, 
an  invention "  which  is  but  little  known 
outside  of  the  big  telegraph  offices. 
Wherever  many  messages  are  received 
and  sent  daily  these  machines  are  being 
installed,  and  at  present  nearly  all  the 
large  cities  transact  much  of  their  busi- 
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FIG.    1.     PUNCHING    TAPE   FOR    PRINTING 
TELEGRAPH. 


ness  through  these  machines.  New  York 
has  already  installed  28  machines  and 
Chicago  about  as  many.  These  machines 
are  capable  of  handling  from  75  to  too 
messages  per  hour  at  the  hands  of  young- 
girl  operators  whose  services  can  be  se- 
cured for  $10  per  week  and  less,  for  no 
knowledge  of  the  telegraph  business  is 
required. 

The  messages  are  first  "punched"  or 
spelled  out  in  the  Morse  characters  on 
an  endless  tape  by  a  special  form  of  type- 


writer, as  shown  in  Fig.  1.  The  tape  is 
then  fed  into  the  sending  machine,  as 
shown  in  Fig.  2,  where  a  wheel  guides 
it  along  its  course.  The  holes  in  the  tape 
allow  electrical  contact  to  be  made,  which 
sends  impulses  over  the  wire  in  the  same 
manner  that  they  are  sent  by  an  ordinary 
operator's  key,  only  much  faster. 


Copyright,  1908.  by  J.  R.   Schmidt,  Cincinnati,   O. 

FIG.    2.     FEEDING  TAPE   THROUGH 
TRANSMITTER. 

At  the  receiving  end  of  the  wire  an 
electrically  operated  typewriter  takes  the 
message  and  prints  it  in  letters  instead 
of  dots  and  dashes.  This  is  done  auto- 
matically and  no  operator  is  required  at 
the  receiving  end. 

The  advantage  of  the  system  is  ob- 
vious. 

One  wire  will  transmit  messages  as 
fast  as  three  or  four  girls  can  perforate 
the  tapes  on  the  perforating  machines. 
and  they  can  do  this  as  fast  as  they  could 
write  the  words  on  an  ordinary  typewrit- 
er. As  mentioned  above,  no  operator  is 
required  at  the  receiving  end,  which  is 
another  advantage.  The  machines  also 
work  duplex  the  same  as  an  ordinary 
telegraph  instrument,  that  is.  two  mes- 
sages may  be  sent  over  the  same  wire  a: 
the  same  time. 


LIGHTS    ENOUGH  TO   ENCIRCLE  THF 
GLOBE. 

If  the  connected  commercial  load  of 
the  Commonwealth  Edison  Company  of 
Chicago,  equivalent  to  3,817,115  16-can- 
dlepower  lamps,  were  strung  out  in  a 
single  line  of  lights,  35  feet  apart,  thev 
would  completely  encircle  the  earth. 
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CONCRETE  TELEPHONE  POLE. 

The  new  reinforced  concrete  pole  for 
stringing  telegraph  and  telephone  wires, 
invented  by  Mr.  T.  H.  Tidnam,  manager 
of  the  Oklahoma  Gas  &  Electric  Co.,  of 
Oklahoma  City,  Okla.,  promises  to  be  a 
great  success  in  its  field  of  application. 
This  pole  is  constructed  of  a  steel  skele- 


panying  illustration  gives  a  comparison 
between  the  old  wooden  pole  and  the 
new  reinforced  concrete  pole,  and  is  evi- 
dence of  the  improved  appearance  ana 
durability  of  the  latter. 


A  STRIKING   COMPARISON. 

ton,  over  which  the  concrete  is  poured. 
Being  hollow  inside,  it  is  light  of  weight 
without  sacrificing  strength,  making  it 
suitable  for  any  requirement  of  per- 
manency. It  is  constructed  not  only  to 
withstand  the  elements,  but  to  be  an 
aesthetic  improvement  on  the  ungainly 
and  unstable  wooden  pole.  The  cost  of 
this  pole  is  no  more  than  that  of  the 
common  pole  now  in  use.     The  accom- 


PRINTING    TELEGRAPH    AT     THE    U.    S. 
CAPITOL. 

There  has  recently  been  installed  at 
the  United  States  Capitol  at  Washing- 
ton a  printing  telegraph  that  is  unique 
in  its  function  and  highly  interesting  as 
pointing  out  a  new  field  for  this  de- 
vice. For  some  years  past  there  has 
been  felt  an  urgent  need  for  some  means 
of  communication  other  than  the  tele- 
phone to  annihilate  the  distances  in 
Uncle  Sam's  big  building,  and  the  de- 
mand became  more  insistent  with  the 
approach  to  completion  of  the  new  office 
buildings  for  the  members  of  the  United 
States  Senate  and  House  of  Representa- 
tives, annex  structures,  each  located 
one-third  of  a  mile  from  the  Capitol. 

The  officials  of  the  national  legisla- 
ture were  desirous  of  securing  some 
means  of  electrical  communication  that 
would  automatically  transmit  to  all  por- 
tions of  the  Capitol  and  the  new  an- 
nexes a  continuous  record  of  all  that 
transpires  in  the  legislative  halls  of 
Congress.  Thus  senators  or  representa- 
tives at  work  in  their  private  offices  at 
some  distance  from  the  seat  of  law- 
making can  keep  momentarily  in  touch 
with  the  proceedings  of  Congress  and 
hurry  to  the  legislative  chamber  when 
any  matter  in  which  they  are  interested 
is  called  up  for  consideration. 

Claims  of  various  communicative  sys- 
tems were  investigated  and  finally  the 
superintendent  of  the  Capitol  decided 
upon  the  installation  of  a  printing  tele- 
graph system.  Technically,  the  printing 
telegraph  that  has  been  placed  in  oper- 
ation in  Washington  is  not  different 
from  similar  apparatus  that  has  come 
into  use  in  other  spheres  since  the  per- 
fecting of  the  invention  a  few  years 
ago.  The  equipment  consists  primarily 
of  a  sending  station,  the  conspicuous 
feature  of  which  is  a  keyboard  similar 
to  the  keyboard  of  an  ordinary  type- 
writer, save  that  the  keys  are  larger  and 
arranged  in  a  double  circle.  Before  this 
keyboard  sits  an  operator  who  pounds 
out    on    this    kevboard    the    words    and 
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sentences  of  the  bulletins  of  current 
proceedings  in  Congress  handed  to  him 
by  the  journal  clerks  or  official  reporters 
of  that  body. 

A  network  of  wires  connect  this  cent- 
ral sending  station  with  receiving  sta- 
tions in  various  parts  of  the  Capitol 
building  and  the  annex.  At  all  these 
receiving  stations  there  are  recorded 
simultaneously  and  automatically  dupli- 
cates of  the  message  typed  at  the  receiv- 
ing station  as  above  explained.  Each 
bulletin  is  printed  letter  by  letter  on 
paper  about  the  width  of  ordinary  note 
paper  which  unwinds  from  a  roll  at  the 
back  of  the  machine.  From  time  to  time 
the  printed  portion  of  the  unwinding 
sheet  is  clipped  off  and  bound  with  its 
predecessors  in  a  form  that  makes  the 
successive  bulletins  readily  accessible. 
Thus  a  congressman  arriving  at  his 
office  late  in  the  day  can,  by  consulting 
the  file  at  a  receiving  station,  quickly 
familiarize  himself  with  all  that  has 
transpired  during  the  day. 

The  primary  purpose  of  the  installa- 
tion, it  may  be  explained,  is  to  afford 
an  "intelligence  system"  for  congress- 
men scattered  through  the  Capitol  and 
its  adjacent  buildings,  but  it  is  proposed 
ultimately  to  establish  receiving  stations 
at  the  White  House,  the  executive  de- 
partments and  other  government  build- 


Copyright,  1908,  by  Waldon  Fawcett. 

READING    MESSAGES    FROM     PRINTING 
TELEGRAPH. 


ings  in  Washington  so  that  members  of 
Congress,  even  though  they  be  several 
miles  distant  from  Capitol  Hill,  up- 
keep almost  constantly  in  touch  with 
what  is  transpiring  at  the  legislative 
headquarters. 

Of  course,  absolute  accuracy  is  essen- 
tial in  the  dispatch  of  bulletins  record- 
ing congressional  procedure  and  includ- 
ing the  chronicling  of  ballotings  on  leg- 
islative measures.  As  an  aid  to  this  the 
operator  at  the  sending  station  of  the 
printing  telegraph  has  the  benefit  of  a 
"dummy"  receiving  station  located  ad- 
jacent to  the  sending  instrument.  At 
this  dummy  all  bulletins  are  printed  ex- 
actly as  they  are  at  all  the  regular  re- 
ceiving stations  and  thus  the  operator  by 
keeping  one  eye  on  this  checking  device 
can  correct  any  error  that  has  been  made 
in  the  transmission  of  a  bulletin. 


Copyright,  1908,  by  Waldon  Fawcett. 
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In  making  electrical  apparatus  it  is 
often  necessary  to  make  a  hole  in  glass. 
This  may  be  done  by  surrounding  the 
portion  to  be  penetrated  with  wax  and 
etching  out  the  enclosed  space  with  hy- 
drofluoric acid. 
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REFINEMENTS  OF  THE  MODERN  SEARCH- 
LIGHT. 

Searchlights  of  the  present  day  are 
exclusively  electrical,  a  focusing  arc 
lamp  of  great  power  being  used  and  the 
light  being  concentrated  by  a  parabolic 
mirror.  The  reflected  beam  of  light  di- 
verges at  a  very  small  angle,  so  as  to 
allow  objects  to  be  studied  at  great  dis- 
tances. 

In  order  that  the  penetrating  power 
be   great   and   an   arc   lamp   of   focusing 


This  view  shows  very  clearly  the  accu- 
racy with  which  the  mirror  is  construct- 
ed, the  objects  showing  in  their  true 
relative  sizes.  Such  a  mirror  will  project 
rays  of  light  from  the  arc  which  are 
almost  exactly  parallel. 


LOOKING   INTO   A   SEARCHLIGHT 
REFLECTOR. 


type  using  a  moderate  current  in  amperes 
be  effective  it  is  necessary  to  have  lenses 
and  reflectors  of  the  most  accurate  and 
perfect  curves.  The  use  of  the  parabolic 
mirror  in  searchlight  service  is  to  pro- 
duce effective  lighting  at  great  distances, 
and  this  is  done  by  providing  a  beam  of 
light  of  practically  parallel  rays,  which 
can  be  concentrated  on  any  object  it  is 
desired  to  study  on  land  or  water. 

The  illustration  herewith  is  taken  from 
a  photographic  image  looking  directly 
into  an  Italian  parabolic  mirror  with  an 
aberration  of  between  1/15  and  1/5  inch. 


LIFTING  TONS  BY  A  MAGNET. 

Imagine  a  giant  magnet  able  to  pick 
up  and  carry  tons  of  iron  or  steel  as 
easily  as  a  toy  magnet  will  pick  up  a 
nail.  Imagine  this  magnet  to  be  at- 
tached to  a  traveling  crane,  so  that  it 
may  be  raised  and  lowered  and  moved 
from  place  to  place.  A  conception  may 
then  be  had  of  one  of  the  very  import- 
ant labor-saving  applications  of  electric- 
ity. Such  magnets  are  now  made  on  a 
commercial  basis  and  are  coming  into 
general  use  for  a  number  of  purposes, 
such  as  the  handling  of  pig  and  scrap 
iron,  metal  plates,  tubes,  rails,  steel 
plates,   etc. 

The  great  advantages  of  the  lifting 
magnet  are  that  no  chains  or  tackles  are 
required  to  attach  it  to  the  load  and  that 
it  is  able  to  lift  a  large  number  of  small 
pieces  at  one  time,  which  would  other- 
wise be  tedious  and  awkward  to  handle. 
A  further  advantage  of  lifting  magnets, 
and  one  that  has  led  to  their  installation 
in  many  foundries  and  blast  furnaces,  is 
found  in  the  fact  that  metal  too  hot  to 
be  touched  with  the  fingers  can  be 
handled  with  a  magnet  as  easily  as  cold 
metal. 

In  the  accompanying  illustration, 
Fig.  1,  a  lifting  magnet  is  shown  hoist- 
ing a  5,500-pound  "skull''  of  iron.  This 
magnet  is  of  the  Milwaukee  type,  made 
by  the  Cutler-Hammer  Clutch  Com- 
pany. 

The  anatomy  of  a  lifting"  magnet  is 
comparatively  simple.  The  largest  single 
piece  is  the  body  casting.  This  is  usu- 
ally a  circular  casting  of  iron  or  steel, 
hollowed  on  the  inside  to  receive  the 
magnetizing  coil,  and  corrugated  on  the 
outside  in  order  to  secure  the  greatest 
possible  surface  area  for  heat  radiation. 
Fig.  2  is  a  diagram,  partially  in  cross- 
section,  which  shows  very  clearly  the 
construction  of  the  magnet.  The  mag- 
netizing coil  is  shown  lying  in  the  recess 
in  the  body  casting.  It  will  be  seen  that 
the  body  casting  amounts  virtually  to  a 
great  number  of  horseshoe  magnets  set 
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FIG.    1.      LIFTING   MAGNET    RAISING   5,500- 
POUND    -'SKULL"    OF   IRON. 


side  by  side  and  arranged  in  the  form  of 
a  circle,  the  magnetizing  coil  being- 
wound  in  the  opening  which  would  be 
formed  by  the  open   space  between   the 


ent  in  all  magnetic  metal.  If,  however, 
a  coil  of  wire  be  wound  around  the  mag- 
net and  a  current  of  electricity  passed 
through  the  coil,  the  strength  of  the  mag- 
net is  increased  according  to  the  num- 
ber of  turns  of  wire  and  the  strength 
of  the  current  flowing  in  the  wire.  When 
the  current  is  shut  off  from  the  wire, 
however,  the  strength  of  the  magnet  im- 
mediately falls  back  to  its  residual  value. 
It  is  owing  to  this  fact  that  the  lifting 
magnet  is  made  a  practicable  labor  sav- 
ing device. 

In  operating  the  magnet  the  current 
is  first  shut  off  from  the  magnetzing  coil 
and  the  magnet  is  lowered  into  contact 
with  the  object  to  be  lifted.  Current  is 
then  admitted  to  the  magnetizing  coil 
and  the  strength  of  the  magnet  is  in- 
stantly increased  hundreds  and  even 
thousands  of  times  and  the  load  may  be 
lifted.  When  the  load  has  been  trans- 
ported to  the  desired  place  the  current  is 
shut  off  from  the  magnetizing  coil,  the 
magnet  lets  go  and  the  load  is  safely 
deposited. 

A  50-inch  magnet  under  actual  test 
has  been  known  to  unload  a  gondola  car 
containing  109,350  pounds  of  pig  iron 
in  two  hours  and  five  minutes.  The  aver- 
age weight  of  metal  moved,  per  lift,  was 
789  pounds.  The  current  required  to 
energize  the  magnet  was  30  amperes  at 
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PIG.   2.   DIAGRAM  SHOWING  CONSTRUCTION  OF  LIFTING    MAGNET. 


legs  of  all  these  magnets. 

The  object  of  the  magnetizing  coil  is 
to  increase  the  strength  of  the  magnet. 
An  ordinary  magnet  is  able  to  lift  iron 
or  steel  objects  by  virtue  of  what  is 
called  residual  magnetism,  which  is  pres- 


220  volts.  The  cost  of  current  con- 
sumed by  the  magnet  during  the  period 
required  to  unload  the  54  tons  of  pig 
iron  was  less  than  25  cents.  This  was 
accomplished  by  one  man — the  crane 
operator. 
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MOTOR  DRIVEN  BOILER  TUBE  CLEANER. 

Scale  encrusted  boiler  tubes  are  not 
only  extremely  uneconomical  in  their 
operation  but  they  are  a  source  of  actual 
danger.  All  ordinary  feed-water  con- 
tains scale-forming  elements,  which,  eith- 
er alone  or  with  oils  or  grease  from  the 
engine,  are  precipitated  on  every  surface 
with  which  the  water  comes  in  contact  in 
the  boiler.  Water,  in  passing  through 
the  earth,  dissolves  manv  substances  and 


scale  forming  substances  are  the  salts  of 

iron  and  magnesium.  The  inner  surface 
of  the  boiler  is  soon  covered  with  a 
crust,  which,  if  neglected,  increases  un- 
til the  tubes  of  water  tube  boilers,  for 
instance,  are  completely  filled. 

If  the  deposit  of  scale  in  the  boiler 
tubes  cannot  be  prevented  by  adding 
chemicals  to  the  feed  water,  mechanical 
means  must  be  resorted  to  in  order  to 
clean  the  tubes.  Mechanical  cleaners  of 


CLEANING    BOILER    TUBES    BY    ELECTRIC   POWER. 


carries  others  in  suspension.  Bi-carbon- 

ate  of  lime  (quicklime)  and  sulphate  of 
lime  (plaster  paris)  are  generally  the 
most  troublesome.  The  bi-carbonate 
changes  to  carbonate  at  about  200  de- 
grees F.  and  is  precipitated.  It  forms  a 
soft  scale,  which  with  grease  or  oil  be- 
comes dense  and  adheres  to  the  tubes  and 
plates.  The  sulphate  forms  a  hard  scale 
which  is  much  more  difficult  to  remove. 
Earthy  and  organic  matter  are  also 
precipitated  when  the  feed  water  reaches 
boiling  temperature  and  often  add 
greatly  to  the  amount  of  scale.     Other 


various  types  have  been  devised  to  bore 
their  way  through  the  tubes  and  remove 
the  scale.  This  work  cannot  well  be  done 
by  hand  as  considerable  power  is  re- 
quired. The  electric  motor  has  been 
found  applicable  to  this  work.  In  case 
there  are  a  large  number  of  boilers  in 
line,  an  ideal  arrangement  is  to  use  an 
overhead  track  with  a  carriage  for  the 
motor.  This  scheme  is  shown  in  the 
illustration  herewith,  which  is  a  view  in 
one  of  the  power  plants  of  the  St.  Louis 
Transit  Company.  The  tube  cleaner  in 
this  case  is  of  the  Weinland  type  and  is 
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driven  by  a  belt  from  the  motor.  As  the 
successive  tubes  are  cleaned  the  motor 
is  moved  back  and  forth  on  its  carriage. 


ELECTRIC    MOTORS  IN  THE  CEMENT 
INDUSTRY. 

The  marvelous  increase  in  the  con- 
sumption of  cement  within  the  last  10 
years  has  brought  forth  a  new  industry 
of  great  magnitude.  Cement  in  the  form 
of  concrete  or  reinforced  concrete  is  be- 
ing employed  in  almost  every  form  of 
building  construction.  Great  skyscrap- 
ers in  the  larger  cities,  chimneys,  ma- 
chinery foundations,  dwellings  and 
churches,  bridges,  etc.,  are  among  the 
many  structures  made  from  concrete.    It 


in  this  way  it  will  be  seen  that  only  one 
gear  reduction  is  necessary,  and  the  con- 
crete wall  separates  the  motors  from  the 
mills,  securing  an  unusually  clean  motor 
room. 

At  this  plant  there  are  140  motors  in 
use,  having  a  total  output  of  5,740  horse- 
power, while  at  plant  No.  5  of  the  same 
company,  at  Pittsburg,  there  are  148 
motors  having  a  total  output  3,533  horse- 
power. 

It  may  be  stated  that  in  the  manufac- 
ture of  Portland  cement  the  essential  ele- 
ments are  alumina,  silica  and  lime.  These 
elements  are  finely  ground,  mixed  in  the 
right  proportion  (approximately  8  per 
cent,  21  per  cent  and  62  per  cent  of  these 
three  ingredients,  respectively,  and  9  per 


ELECTRIC    MOTORS    DRIVING    CEMENT  MACHINERY 


is  said  that  last  year  over  50,000,000  bar- 
rels of  Portland  cement  was  manufac- 
tured. 

With  this  great  development  and  in- 
creased output  of  cement  every  effort 
has  been  made  to  utilize  modern  labor- 
saving  devices,  and  electric  power  has 
been  employed  to  great  advantage  in  eco- 
nomically operating  the  up-to-date  ma- 
chinery in  cement  manufacturing  plants. 

The  accompanying  illustration  shows 
12  motors  at  plant  No.  4  of  the  Univer- 
sal Portland  Cement  Company  at  Buf- 
fington,  Ind.     With  the  motors  arranged 


cent  impurities  impossible  to  eliminate 
commercially),  and  roasted  at  about 
2,800°  F.,  when  they  are  again  ground. 
There  are  many  raw  materials  in  which 
the  necessary  ingredients  are  found.  The 
right  proportion  is  generally  obtained  by 
combining  two  materials,  in  one  of  which 
lime  predominates,  and  in  the  other 
and  alumina.  The  materials  used  in  this 
country  include  cement  rock  and  lime- 
stone, also  limestone  and  shale,  or  clay 
ami  marl.  Blast  furnace  slag  and  lime- 
stone are  also  used  as  well  as  caustic  - 
waste  and  clay. 
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UNCLE  SAM'S  NEW  SUBMARINE. 

The  question  of  relative  merit  in  the 
types  of  submarine  torpedo  boats  de- 
signed by  the  leading  American  invent- 
ors bids  fair  to  be  settled  before  long. 
The  recent  action  of  the  Secretary  of  the 
Navy  means  that  the  Lake  type  of 
underwater  fighter — -the  invention  of 
Simon  Lake — shall  have  representation 
in  the  Navy  as  well  as  the  Holland.  The 


minute,  a  range  of  electromotive  force 
of  from  80  to  160  volts  and  a  current 
capacity  of  300  amperes  at  full  load,  with 
a  momentary  capacity  of  450  amperes. 
There  are  60  cells  of  the  well-known 
Gould  type  of  storage  battery,  with  spun 
plates  of  the  Plante  pattern.  It  is  esti- 
mated that  at  full  speed  the  batteries  will 
give  a  cruising  radius  of  20  knots, 
whereas  at  an  economical  speed  this  will 


LAKE   TYPE    SUBMARINE   BOAT     "PROTECTOR." 


principal  point  of  difference  between  the 
Holland  design  and  the  Lake  boat  is  that 
the  latter  submerges  on  a  level  keel, 
whereas  the  former  dives  to  the  bottom. 
The  motive  power  of  the  new  or  Lake 
type  of  submarine  consists  of  a  double 
installation  of  gas  engines  and  electric 
motors — one  motor  and  one  engine  being 
connected  to  each  of  the  twin  shafts. 
The  gas  engines  are  for  use  only  when 
the  vessel  is  navigating  at  the  surface. 
All  submarine  work  is  performed  with 
electrical  energy  from  a  storage  battery. 
For  regular  underwater  propulsion  the 
standard  type  of  Lake  boat  has  on  each 
shaft    a    six-pole,    shunt-wound,    Diehl 


motor,  the  motor  beinsf  thro1 


\r 


friction  clutch.  When  merely  the  en- 
gines are  being  used  to  drive  the  boat 
the  armature  of  the  motor  revolves  free- 
ly with  lifted  brushes  and  serves  the  pur- 
pose of  a  fly-wheel.  Each  motor  has  a 
rated  capacity  of  37^2  kilowatts  at  125 
volts  when  driven  at  300  revolutions  a 


reach  30  knots.  For  the  purpose  of 
speedy  dashes  in  attack  or  escape  the 
motors  and  engines  can  be  coupled  to- 
gether on  the  driving  shafts  thus  giving 
a  combined  propulsive  power  on  the  two 
screws  of  350  horsepower. 


ELECTRICITY  IN  ITS  INFANCY. 

Electricians  say  rightly  enough  that 
they  have  just  started  in  to  make  this 
the  electrical  century  and  also  to  make 
everything  electrical.  Why  not?  The 
Lmited  States  leads  in  everything  that 
relates  to  electricity  and  here  are  some 
figures. 

The  Census  Office  reports  that  though 
gas  had  nearly  75  years  the  start  of  elec- 
tricity, yet  electricity  as  an  illuminant  is 
now  easily  in  the  first  place.  Yet  gas  as 
matter  of  fact  has  not  lost  in  the  amount 
consumed  by  the  introduction  of  elec- 
tricity. It  is  simply  that  electric  lighting 
has  forced  awav  ahead  of  it.     There  are 
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now  about  4,000  electric  light  central 
stations  in  the  country  as  against  877 
gas  plants.  Last  year  the  gas  plants 
earned  an  income  of  $75,000,000  as  com- 
pared with  $85,000,000  earned  by  the 
central  stations.  Gas  last  year  employed 
22,400  men  and  the  electric  light  23,300. 
The  cost  of  construction  and  equipment 
of  both  was  relatively  the  same,  $500,- 
000,000.  But  in  addition  to  these  central 
stations  there  are  over  50,000  small  or 
large  isolated  plants  scattered  over  the 
country.  There  are  1,000  in  New  York 
City  alone. 

In  all  there  are  perhaps  40,000,000 
incandescent  lights  burning  nightly 
over  the  country  and  over  800,000  arc 
lights.  The  use  of  electricity  in  New 
York  State  in  the  last  ten  years  has  in- 
creased over  2.000  per  cent  for  lighting 
alone,  and  the  use  of  power  from  cen- 
tral stations  has  increased  1,200  per 
cent  in   the  same  period. 


NOVEL  ELECTRIC  ELEVATOR. 

At  St.  Moritz,  Switzerland,  there  is 
a  hotel  overlooking  the  lake,  and  which 
is  located  on  the  side  of  the  mountain 
at  a  point  inaccessible  from  the  thor- 
oughfare below.  For  the  benefit  of  the 
occupants  of  the  hotel  a  unique  incline 
electric  elevator  has  been  installed.  The 
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MASSIVE     SUPPORTS    OF    ELECTRIC 
ELEVATOR. 

accompanying  illustrations  show  this  pe- 
culiar elevator,  the  construction  of  which 
is  somewhat  similar  to  that  of  an  incline 
cable  railway. 

Steel  towers  are  used  for  supporting 
the  curved  rails,  which  are  mounted  on 
a  light  steel  lattice  work.  The  total  height 
is  about  92  feet  and  the  total  length  of 
travel  about  132  feet  as  measured  on  the 
curved  track.  Six  passengers  may  be 
carried  at  a  time,  the  working  load  of 
the  car  being  1 ,000  pounds  and  the  speed 
about  150  feet  a  minute  as  the  maxi- 
mum. 

The  car  is  operated  by  a  winding- 
drum  operated  by  an  electric  motor.  It 
is  said  to  be  practically  proof  against  ac- 
cident. A  safety  catch  is  provided  on 
the  trolley  which  carries  the  car.  and  in 
case  one  of  the  winding  ropes  should 
slacken  or  break,  the  guides  attached  to 
the  track  are  strongly  gripped,  locking 
the  car  securely.  In  order  to  still  further 
guard  the  safety  of  this  incline  elevator. 
there  is  a  speed  regulating  device  ar- 
ranged so  that  the  same  pair  of  gripping 
checks  or  cams  arc  actuated,  and  if  the 
car  reaches  too  high  a  speed  these  checks 
operate  instantly  and  stop  the  car. 
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ELECTRIC  HARDENING  OF  STEEL. 

There  are  said  to  be  about  60  dif- 
ferent methods  of  hardening  steel,  each 
of  which  has  its  advocates,  and  no  one 
of  which  is  suited  for  all  sizes  and 
shapes  of  articles  or  for  all  kinds  of 
steel.  One  way  which  has  not  come  into 
general  use  is  hardening  by  electricity, 
and  the  process  is  described  by  Gamier 
in  Le  Genie  Civil.  The  process  is  sim- 
ple and  the  appliances  necessary  neither 
complicated  nor  costly;  neither  is  any 
great  amount  of  previous  experience  in 
this  particular  manner  of  hardening  re- 
quired. The  tool  to  be  hardened  is  put 
in  electric  connection  with  the  positive 
pole  of  a  battery  or  other  source  of 
current.  In  similar  connection  with  the 
negative  pole  there  is  a  cast  iron  tank 
full  of  carbonate  of  potash  dissolved  in 
water.  The  current  is  regulated  by  a 
rheostat.  The  tool  is  plunged  to  the 
desired  depth  in  the  solution,  just  as  for 
hardening  in  the  usual  manner.  The 
current  is  then  switched  on  and  the  tool 
heated  to  the  same  degree  as  would  be 
required  in  the  ordinary  hardening. 
When  the  proper  temperature  has  been 
reached  and  held  for  the  desired  time 
the  current  is  switched  off  and  the  tool 
left  in  the  bath,  which  latter,  by  the  sim- 
ple act  of  switching  off  the  current,  is 
at  once  converted  into  a  hardening  bath. 

Another  method,  which  permits  of 
hardening  places  on  the  surface  of 
pieces  where  the  dripping  process  would 
not  accomplish  the  desired  object,  is 
local  heating  with  the  electric  arc.  Here 
the  tool  or  other  article  is  laid  on  a  cop- 
per block,  and  heated  with  an  ordinary 
arc  carbon  held  in  a  safety  holder.  The 
electric  connections  with  holder  and 
block  being  made,  the  carbon  pole  is 
touched  to  the  piece  to  be  locally  hard- 
ened. Of  course  the  heating  is  both  in- 
tense and  local.  The  work  piece  is  at 
once  plunged  in  the  ordinary  bath,  and 
when  one  place  is  hardened  the  next 
may  be  heated  and  so  on. 

The  electric  current  may  also  be  used 
to  draw  the  temper  of  a  hollow  object. 
Instead  of  using  a  red  hot  iron  to  plunge 
in  the  bore  a  cold  rod  is  employed,  which 
is  used  as  a  resistance  in  the  circuit  of  a 
secondary  current  of  about  two  volts 
tension.  The  temperature  of  the  iron 
rod  gradually  rises,  and  when  the  work 


piece  has  reached  the  desired  color  the 
current  is  shut  off.  This  method  is  said 
to  produce  less  liability  to  cracking  than 
the  old-fashioned  way  of  drawing  the 
temper  with  a  hot  rod.  It  is  particularly 
recommended  for  large  hollow  mills 
The  great  advantage  consists  in  the  per- 
fect regulation  possible  by  means  of  a 
rheostat,  and  in  the  possibility  of  get- 
ting exactly  the  same  temperature  every 
time  for  similar  objects,  once  the  right 
heat  and  color  are  attained. 


SENDING  PICTURES  BY  ELECTRICITY. 

BY  FOREE  BAIN. 

TO  transmit  a  picture  or  reproduce 
its  counterpart  electrically  over  a 
wire  seems,  at  first  glance,  to  be 
marvelous.  It  is  all  very  simple,  how- 
ever, when  you  know  how,  and  some  re- 
markable results  have  been  obtained  in 
this  direction  by  laboratory  experiments. 

Assume,  for  the  sake  of  explanation, 
that  we  have  two  glass  cylinders  located 
at  points  remote  from  each  other,  that  is, 
at  opposite  ends  of  a  wire,  and  that 
these  cylinders  are  adapted  to  be  rotated 
by  electric  motors,  or  otherwise,  at  the 
same  number  of  revolutions  per  minute. 
We  place  both  cylinders  within  light- 
tight  stationary  cylinders  as  shown  in 
the  accompanying  illustration,  within 
which  the  glass  cylinders  may  be  ro- 
tated and  at  the  same  time  reciprocated 
laterally  or  vertically.  Around  the  trans- 
mitting cylinder  is  wrapped  a  developed 
photographic  film  of  the  picture  or  image 
to  be  reproduced  at  the  receiving  or  re- 
mote end  of  the  line.  Around  the  rotata- 
ble  cylinder  at  the  receiving  end  is 
wrapped  an  undeveloped  sensative  pho- 
tographic film.  At  the  proper  point  a 
small  aperture  is  provided  through  each 
of  the  enveloping  light  excluding  cylin- 
ders. 

Within  the  glass  cylinder  of  the  trans- 
mitter is  placed  a  selenium  cell  to  re- 
ceive the  reflected  rays  of  light  com- 
ing through  the  very  small  aperture 
made  in  the  light-excluding  cylinder. 
The  illustration  shows  the  cylinder  raised 
slightly  from  the  cell.  A  very  strong 
light,  such  as  an  electric  arc  or  incandes- 
cent lamp  is  provided  for  the  transmit- 
ting and  for  the  receiving  instrument. 

In  both,  the  light  is  focused  by  proper 
lenses  to   project   a   powerful  but  sharp 
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beam  of  light  through  the  small  orifice 
made  in  the  exterior  stationary  cylinder. 

It  may  be  well  to  state  that  selenium 
is  a  material  resembling  sulphur  in  some 
respects  which  permits  the  passage  of 
electricity  through  it  in  proportion  to  the 
intensity  of  the  light  that  falls  upon  its 
surface.  In  other  words,  its  electrical 
resistance  varies  greatly  as  the  light 
varies.  When  exposed  to  light  the  re- 
sistance is  very  much  less,  and  the  elec- 
tric current  passing  through  the  circuit 
containing  a  selenium  cell  will  be  cor- 
respondingly greater  than  when  the  cell 
is  not  subjected  to  the  light. 

A  selenium  cell  usually  consists  of  two 
small  wires  wound  around  a  small  piece 
of  non-conducting  material,  such  as  hard 
rubber,  and  having  the  fused  selenium 
poured  around  the  wires  to  electrically 
join  them. 

Assume  that  the  two  glass  cylinders 
are  revolving  at  the  sending  and  receiv- 
ing ends  at  uniform  speed,  and  also  that 
the  cylinders  have  a  lateral  movement, 
like  the  reproducer  on  a  cylinder  grapho- 
phone  By  this  means  all  of  the  surface 
of  the  cylinder  carrying  the  fi1m  will 
eventually  pass  before  the  orifices  in 
the  respective  light-excluding  stationary 
cylinders 

The  developed  photograph  film  around 
the  rotating  cylinder  of  the  transmitting 
instrument  is  transparent,  but  the  silver 
deposit,  representing  the  picture  is  more 
or  less  opaque  When  the  transmitting 
cylinder  is  revolved  and  gradually 
moved  vertically,  the  lights  and  shadows 
of  the  picture  are  in  turn  brought  in 
front  of  the  beam  of  light  and  the  in- 
tensity of  the  light  when  it  reaches  the 
selenium  cell  is  thereby  modified  accord- 
ingly As  the  beam  of  light  falls  upon 
the  selenium  cell,  its  intensity  is  varied 
by  the  lights  and  shadows  of  the  photo- 
graph negative  as  they  in  turn  pass  be- 
fore it.  The  strength  of  the  current 
transmitted  to  the  distant  receiving  in- 
strument is  accordingly  varied  as  the  re- 
sistance of  the  selenium  cell  is  varied  by 
the  intensity  of  the  light  falling  upon  it. 

Suppose  now,  that  an  electric  incan- 
descent lamp  be  included  in  the  circuit, 
through  which  the  varying  current  is 
transmitted  at  the  receiving  end,  and  that 
a  beam  of  light  therefrom  be  focused  so 
as  to  fall  upon  the  sensitive  film  of  the 


revolving,  receiving  cylinder.  The  light 
from  this  lamp  will  vary  according  to  the 
strength  of  the  current  flowing,  and  the 
decomposition  effected  on  the  deposit  of 
this  film  will  vary  in  extent  with  the  in- 
tensity of  the  light,  so  that  when  the  film 
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has  been  developed  it  will  be  practically 
a  duplicate  of  the  developed  film  used  at 
the  transmitting  or  sending  end.  From 
this  developed  film  photographs  may  be 
printed. 

In  the  year  1883  the  writer  developed 
and  patented  a  system  by  means  of  which 
photographs  can  be  reproduced  at  a  dis- 
tant receiving  end  upon  an  engraved 
block  by  an  engraving  tool  operated  by 
electromagnets.  From  this  block  the 
original  picture  may  be  printed  by  plac- 
ing the  block  in  an  ordinary  printing 
press. 


Sponge  fishing  by  submarine  boat  has 
been   tried   with,   success.      A    submai 
for  this  purpose  is  made  to  hold  two  men. 
An   electric  searchlight  is  fixed   in    r 
to  illuminate  the  bottom  of  the  sea. 


ELECTRICITY  IN  MEDICINE. 

BY    OTTO    JUETTNER,    M.    D.,    PH.    D. 
PART    II. 


Having  in  our  introductory  chapter 
considered  the  general  principles  which 
underlie  the  science  of  electricity,  it  now 
behooves  us  to  become  familiar  with  the 
construction  and  the  uses  of  the  various 
instruments  or  apparatus  which  are  em- 
ployed in  the  application  of  electrical 
energy  in  medicine.  The  best  known,  but 
not  by  any  means  most  easily  under- 
stood, instrument  is  the  so-called 
Faradic  induction  coil,  which  produces 
the  well-known  interrupted  current  with 
which  every  person  is  familiar  who  has 
ever  handled  a  common  toy  battery. 

The  Faradic  coil  (physician's  induc- 
tion coil)  consists  of  an  iron  core,  made 
of  a  bundle  of  iron  wire  or  a  solid  piece 
of  iron,  which  is  covered  with  some  in- 
sulating material  such  as  paraffin  paper. 
Around  this  core  a  course  of  wire  is 
wound  called  the  primary  coil.  This  is 
also    covered    with    insulating    material. 


from  (A)  is  connected  with  one  of  the 
primary  binding  posts  (C).  Before  it 
gets  there,  however,  it  will  be  seen  to 
split  into  distinct  wires,  one  of 
which  is  seen  to  ascend  and  form  the 
primary  coil  (D  and  B)  winding  around 
the  core.  For  the  present  do  not  notice 
the  direction  in  which  the  arrows  point. 
This  will  be  made  clearer  later  on. 
After  winding  around  the  helix  it  re- 
turns and  connects  with  the  circuit- 
breaker,  which  is  the  vibrator  or  inter- 
rupting- hammer.  Looking  at  the  dia- 
gram you  notice  at  the  extreme  right  a 
battery  post  (A),  then  another  batten- 
post  (A'),  then  a  post  upon  which  the 
regulating  screw  (G)  is  mounted,  and 
finally  the  circuit-breaker.  This  circuit- 
breaker  is  a  sort  of  a  hammer  (H), 
mounted  on  top  of  a  spring  which  is  in 
contact  with  the  regulating  screw  at 
(M).     This  end  of  the  regfulatingf  screw 
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CONSTRUCTION    OF    A    PHYSICIAN'S    INDUCTION    COIL. 


Then  follows  a  winding  of  finer  wire, 
the  secondary  coil.  Thus  we  have  a  core, 
a  primary  coil  and  secondary  coil  en- 
tirely separated  from  one  another  by  in- 
sulation. 

Look  at  the  diagram  (Fig.  i)  and  fol- 
low the  course  of  the  wires  which  start  at 
the  two  posts  (A)  and  (A').  These  two 
posts  represent  the  two  elements  (posi- 
tive and  negative)  of  the  battery  gener- 
ating and  furnishing:  the  current.  The 
current  is  constant  (galvanic).  The  wire 


is  a  platinum  point.  The  spring  of  tne 
circuit-breaker  may  move  forward  (see 
diagram  in  broken  lines),  causing  a  gap 
at  (M)  and  breaking  the  circuit  at  that 
point.  If  the  spring  moves  back,  contact 
will  be  perfect  at  (M),  and  the  circuit, 
therefore,  complete.  The  hammer  is 
placed  opposite  one  end  of  the  helix, 
touching  it  when  the  spring  carries  the 
hammer,  forward.  When  there  is  con- 
tact at  ( M ) ,  there  is  a  gap  between  helix 
and  hammer.     When  there  is  contact  be- 
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tween  core  and  hammer  there  is  a  gap 
at  (M). 

The  battery  post  (A')  is  connected 
with  the  post  upon  which  the  regulating 
screw  is  mounted.  The  primary  binding 
post  (C)  connects  with  the  circuit- 
breaker.  The  primary  binding  posts  (C 
and  C)  hold  the  wires  that  go  to  the 
patient. 

Let  us  follow  the  complete  circuit. 
From  (A)  to  the  primary  coil  and  to 
(C),  then  to  the  circuit-breaker,  then 
to  (C).  \When  contact  at  (M)  is  com- 
plete, the  circuit  at  that  point  is  per- 
fect. The  only  gap  or  break  in  the  cir- 
cuit is  between  the  two  binding  posts 
at  (C)  and  (C).  This  break  is  filled 
by  the  patient's  body. 

When  the  battery  is  generating  elec- 
tricity, the  current  will  pass  through  the 
primary  wire  which  winds  around  the 
helix.  The  latter  is  magnetized  while 
the  current  passes.  The  magnetic  helix 
will  attract  the  hammer  of  the  circuit- 
breaker  and  cause  a  break  at  (M).  The 
moment  this  break  occurs,  the  circuit  is 
broken,  the  current  stops,  the  helix 
ceases  to  be  magnetic  and  the  hammer  is 
let  go  and  springs  back  to  its  original 
position,  which  means  that  contact  at 
(M)  is  again  made  and  the  circuit  of 
the  current  re-established.  The  helix 
again  becomes  magnetic,  the  hammer  is 
again  attracted  towards  the  helix  and 
away  from  the  platinum  point  at  (M). 
It  is  a  continuous  make  and  break  of  the 
circuit. 

The  secondary  coil  (F)  is  not  con- 
nected with  the  battery.  Being  placed  in 
the  magnetic  field  of  the  primary  coil  it 
gets  its  current  by  induction  from  the 
primary  coil.  Its  only  attachments  are 
to  its  own  binding  posts  (E  and  E')  be- 
tween which  the  patient's  body  is  inter- 
posed. The  make  and  break  of  the  cir- 
cuit in  the  secondary  coil  corresponds 
in  every  particular  to  the  make  and 
break  in  the  primarv  circuit.  Being  an 
induced  current  its  direction  or  polarity 
is  constantly  changing. 

Most  coils  are  provided"  with  what  is 
called  a  shield  (L)  which  can  be  pulled 
out,  thereby  exposing  more  and  more 
of  the  helix  and  increasing  the  amount 
of  electricity  involved  in  the  magnetiza- 
tion of  the   core. 


The  make  and  break  of  a  circuit  gives 
rise  to  some  characteristic  physical  ef- 
fects. Every  interruption  of  the  current 
means  a  reversal  of  its  direction  or  po- 
larity. Thus  we  see  that  the  faradic 
current  is  an  alternating  current.  Since 
the  alternations  are  comparatively  slow, 
we  may  speak  of  interrupted  currents  of 
this  kind  as  being  currents  of  low  fre- 
quency. The  frequency  of  an  alternat- 
ing- current,  as  we  have  seen  in  our  first 
lesson,  expresses  the  speed  of  alterna- 
tion. 

When  the  current  is  actively  in  evi- 
dence, magnetization  of  the  helix  takes 
place.  This  means  that  the  helix  is  sur- 
rounded by  lines  of  magnetic  radiation. 
Thus  we  see  that  the  waves  of  magnet- 
ism radiate  in  the  same  space  which  is 
the  scene  of  action  of  the  electrical  radi- 
ation in  the  primary  and  secondary  coil. 
There  is  a  necessary  cutting  or  intersec- 
tion of  magnetic  waves  by  the  convolu- 
tion of  the  primary  and  secondary  wind- 
ings of  wire.  The  more  convolutions  of 
wire,  the  greater  the  number  of  intersec- 
tions of  magnetic  waves.  This  is  of  im- 
portance because  upon  the  number 
of  intersections  of  magnetic  and  elec- 
trical lines  of  energy  depends  the  in- 
crease in  the  electromotive  force  (volt- 
age) of  the  current. 

Thus  we  see  that  the  faradic  current 
is  characterized  by  alternation  of  polar- 
ity, the  frequency  of  alternation  being 
comparatively  low,  and  by  an  increase  in 
the  electromotive  force,  the  increase  de- 
pending on  the  number  of  turns  in  the 
primary  or  secondary  wire.  The  fact 
that  the  direction  of  the  current  is  re- 
versed whenever  an  interruption  of  the 
circuit  occurs  is  illustrated  in  our  dia- 
gram by  the  position  of  the  arrows  (  see 
position  of  arrows  indicating  opposite 
directions  of  current  flow  in  the  same 
circuit  at  B  and  D). 

For  the  purpose  of  applying  galvanic 
(constant)  currents  or  faradic  I  inter- 
rupted) currents  the  modern  physician 
usually  equips  himself  with  a  switch- 
board upon  which  the  different  devices 
for  the  regulation  of  electrical  energy 
are  mounted.  This  switchboard  is  con- 
nected with  the  cells  that  produce  the 
electrical  energy,  or  is  connected  with 
the  lighting  circuit  from  the  stvet.  I.i 
the  latter  case  it  is  wired  in  series  with 


104 


POPULAR    ELECTRICITY 


an  incandescent  light  consuming  a  cer- 
tain quantity  of  electricity.  In  this  way 
the  amount  of  electrical  energy  sup- 
plied to  the  switchboard  is  definitely  lim- 
ited and  controlled.  The  switchboard 
may  be  laid  on  a  table  or  placed  on  the 
wall  or  mounted  in  a  more  or  less  elab- 
orate roller  cabinet. 

The    parts    of    an   ordinary    galvanic- 


tween  the  rheotome  and  the  milli-ampere- 
meter  in  the  lower  left  hand  corner.  The 
milli-amperemeter  measures  the  quantity 

of  current  passing.  There  are  many 
types  of  this  instrument.  The  best 
known  and  most  frequently  employed 
type  is  shown  in  Fig.  3. 

The   rheostat   is    shown   in   the   lower 
right   hand    corner   of   the   switchboard. 


FIG. 


PHYSICIAN-  S    SWITCHBOARD 


faradic  switchboard  are  :  (1)  the  induc- 
tion coil;  (2)  the  milli-amperemeter: 
(3)  the  rheostat;  (4 J  the  rheotome.  All 
these  terms  have  been  explained  in  our 
first  lesson.  In  addition  to  the  parts 
mentioned  there  are  switches  to  control 
the  primary  and  secondary  faradic  cur- 
rent, the  galvanic  current,  the  milli-am- 
peremeter and  the  rheotome.  The  rheo- 
stat is  usually  in  the  circuit  of  whatever 
current  is  used.  Two  binding  posts  for 
the  patient  complete  the  equipment  of 
the  switchboard.  Some  faradic  coils 
have  two  circuit-breakers,  one  at  each 
end  of  the  helix,  for  very  rapid  or  only 
ordinarily  fast  interruption.  The  ap- 
pearance of  the  ordinary  switchboard  is 
shown  in  Fig.  2. 

The  instrument  in  the  upper  right 
hand  corner  is  the  (  faradic)  induction 
coil,  that  in  the  upper  left  hand  corner 
is  the  rheotome,  consisting  of  a  clock- 
work which  allows  the  current  to  pass 
only  at  certain  intervals.  The  length 
of  the  interval  is  controlled  by  the  pen- 
dulum on  the  face  of  the  instrument  and 
also  by  the  switch  which  in  our  illustra- 
tion is  shown  below  the  instrument,  be- 


The  manner   of   wiring   is   indicated   by 
Fig.  4. 

The  ** series  lamp"  controls  the  amount 
of  current  which  is  admitted  to  the 
switchboard.  One  wire  1  from  X  to 
XX)  goes  directly  to  the  patient.  The 
other  supplies  the  rheostat,  which  repre- 
sents resistance,  and  is  increased  or  de- 
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creased  by  the  handle.  Both  wires  supply 
a  lamp  which  takes  up  as  much  electricity 
as  will  pass  through  the  rheostat.  It  is  in 
a    shunt   circuit.      Sometimes   this   lamp 
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current,  on  the  size  of  the  primary  wire, 
on  the  number  of  turns  in  the  primary 
coil  and  on  the  length  and  thickness  of 
the  helix. 

In  discussing  the  physics  of  the  faradic 
coil  we  had  occasion  to  speak  of  mag- 
netism or  rather  magnetization  produced 
by  electricity.  Magnetism  and  electricity 
are  closely  related  to  each  other  and,  in 
the  light  of  modern  scientific  thought, 
perhaps  different  manifestations  of  the 
same  elementary  force.  Magnetism  is 
being  used  as  a  remedial  agent  in  a  va- 
riety of  ways.  Let. us,  before  conclud- 
ing our  second  lesson,  consider  a  few 
salient  points  in  connection  with  it. 

There  are  two  kinds  of  magnets,  nat- 


FIG.   4.      RHEOSTAT. 


FIG.    5.     BENNETT   COIL. 


is  wired  in  series  with  the  patient  by 
being  placed  either  between  (PP)  and 
patient  or  (NN)  and  patient. 

The  rheostat  controls  the  galvanic  as 
well  as  the  faradic  current.     It  controls 


ural  magnets,  those  which  naturally  and 
constantly  possess  the  property  of  mag- 
netism, and  artificial  magnets,  those  in 
which  the  magnetic  property  is  produced 
artificially,    e.    g.,    by    electricity    in    the 
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FIG.    6.     CONSTRUCTION    OF    BENNETT    COIL. 


the  galvanic  current  absolutely  and  ex- 
clusively. The  faradic  current  has  other 
controlling  factors  upon  which  it  de- 
pends, to-wit :  in  its  induced  form  it  de- 
pends  on   the   strength   of   the   primary 


helix  of  an  induction  coil.  The  mag- 
netic field  is  the  sphere  of  influence  sur- 
rounding a  magnet.  The  employment  of 

magnetism  in  medicine  depends  on  the 
peculiar  effects  which  have  been  noticed 


io6 


POPULAR    ELECTRICITY 


after  a  living  animal  body  has  been 
placed  in  a  magnetic  field  for  a  variable 
length  of  time. 

The  instruments  used  are  named  after 
two    Americans    who    have    been    fore- 


instrument  represents  a  set  of  two  or 
more  magnetic  generators  which  are 
placed  in  the  desired  position  with  refer- 
ence to  the  patient.  Fig.  7  shows  the 
double  instrument  attached  to  the  light- 


FIG. 


BACHELET  ELECTROMAGNETIC  APPARATUS. 


most  in  the  elaboration  of  this  subject, 
Dr.  H.  C.  Bennett  of  Lima,  Ohio.,  and 
C.  Bachelet,  a  physicist  in  Xew  York. 

The  construction  of  the  Bennett  in- 
strument is  shown  in  Figs.  5  and  6. 

The  body  of  the  instrument  consists 
of  a  heavy  pasteboard  drum  over  which 
a  great  quantity  of  insulated  wire  is 
wound.  This  coil  is  covered  or  sur- 
rounded by  a  tubular  battery  of  com- 
pound electromagnets.  The  construction 
is  shown  in  longitudinal  and  transverse 
section.  The  inside  space  (vortex, 
eddy)  receives  the  part  to  be  treated, 
e.  g.,  arm  or  leg.  The  instrument  is 
placed  in  the  circuit  of  an  alternating 
current,  preferably  no  volts  and  60 
cycles. 

The  Bachelet  instrument  is  simpler, 
consisting  of  a  flat  box  ten  inches  square 
and  about  two  inches  thick.  It  contains 
several    powerful    electromagnets.      The 


ing  circuit  and  on  both  sides  of  the  chair 
occupied  by  the  patient  who  literally  sur- 
rounded by  a  flood  of  magnetic  waves. 
(To  be  continued.) 


ELECTRICALLY  HEATED  FABRICS. 

Early  in  the  development  of  electric 
science  a  curious  phenomenon  was  dis- 
covered, which  is  known  as  the  thermo- 
phile  effect.  It  was  found  that  when  two 
different  metals  were  joined  together, 
and  a  current  of  electricity  sent  through 
them,  heat  was  generated  at  the  junction. 
A  modern  application  of  the  thermophile 
takes  the  form  of  electrically  heated  fab- 
rics. These  fabrics  are  loosely  woven 
and  small  wires  made  up  of  alternate 
sections  of  different  metals  are  inter- 
woven through  the  fabric.  When  cur- 
rent is  sent  through  the  wires  the  junc- 
tions are  heated. 

Applications    of    the    thermophile    are 
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numerous,  and  they  are  used  to  a  consid- 
erable extent,  especially  in  Europe,  for 
foot  warmers  in  railway  coaches  and 
carriages.  Perhaps  their  widest  applica- 
tion is  in  medical  practice,  where  they 
are  used  for  warming-  operating  tables 
during  long  operations ;  also  in  com- 
presses, gloves,  knee  caps,  leggings,  etc., 
for  applying  heat  locally  to  different 
parts  of  the  body.     It  is  stated  that  the 


ELECTRICALLY    HEATED    FABRIC. 

electric  thermophile  is  beneficial  not  only 
by  the  intensity  of  its  heat,  but  also  by 
the  sweating  which  results.  The  effects 
may  be  prolonged  or  modified  as  the 
circumstances  and  the  results  to  be  ob- 
tained require. 

The  thermophile  may  also  be  used  to 
advantage  on  drying  rollers  for  fabrics 


ELECTRICAL    DRYING    ROLLER. 

in  paper  works,  bleaching  houses  or 
dying  works.  These  rolls  arc  surround- 
ed by  an  appropriate  electric  thermo- 
phile fabric  either  alone,  or  more  often. 


covered  with  thin  metal  plate.  The  cur- 
rent is  conveyed  to  the  fabric  by  rubbing 
contacts  on  the  axle,  and  the  temperature 
necessary  at  any  moment  can  be  regulat- 
ed. The  losses  of  steam  through  turn- 
ing joints  and  the  stains  caused  by  con- 
densation waters  are  avoided,  and  above 
all,  the  mass  of  these  cylinders  and  their 
great  thickness  can  be  reduced  to  the 
minimum  without  danger  of  bursting, 
which  is  frequent  and  dangerous  in 
steam  heated  rolls. 


BOOK  REVIEW. 


CONVERSATIONS  OF  ELECTRICITY. 
PART  I.  Bv  Joseph  G.  Branch.  Chicago, 
New  York:  Rand,  McNally  &  Co.  1908. 
282  pages  with  105  illustrations.     Price  $2.00. 

Although  the  working  theories  of 
electricity  have  been  developed  to  a  high 
degree  of  perfection,  the  vast  majority 
of  people  are  almost  totally  unfamiliar 
with  its  most  elementary  principles.  This 
is  partly  due  to  the  fact  that  the  study 
of  electricity  by  the  novice  is  approached 
with  timidity,  and  most  people  are  im- 
bued with  the  idea  that  it  is  a  science 
difficult  to  understand.  In  order  to  teach 
the  elementary  principles  of  this  great 
agent  of  mankind,  in  a  way  which  shall 
overcome  the  erroneous  impression  that 
these  principles  are  difficult  to  compre- 
hend, the  author  has  selected  the  ques- 
tion and  answer  method  as  more  con- 
fidential and  more  in  sympathy  with  his 
readers.  From  cover  to  cover  of  the 
book,  one  who  peruses  its  pages  will  find 
the  very  questions  which  he  has  been 
asking  in  his  own  mind  concerning  the 
theory  and  practical  application  of  elec- 
tricity, and  which  he  has  so  often  put 
aside  thinking  that  none  but  the  technic- 
ally educated  would  be  able  to  compre- 
hend the  answers.  Each  and  every  one 
of  these  questions  is  answered  in  simple 
and  lucid  language,  without  the  use  of 
mathematics.  In  short,  it  is  a  hook 
which  will  give  the  ordinary  reader, 
who  is  not  interested  in  the  finer  tech- 
nical details,  a  broad  and  useful  under- 
standing of  the  principles  and  applica- 
tions of  this  great  force :  knowledge 
which  he  owes  it  to  himself  to  secure  in 
view  o\  the  important  part  which  elec- 
tricity now  pla\s  in  the  affairs  of  daily 
life.  ' 
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THINGS  TO  KNOW  ABOUT  ELECTRIC 
CURRENT. 

In  many  cases  wires  carrying  electric 
current  are  not  dangerous  to  the  person 
who  accidentally  comes  in  contact  with 
them.  But  the  safe  plan  to  follow  is 
never  to  touch  an  exposed  wire,  no  mat- 
ter if  you  feel  certain  that  it  is  not  carry- 
ing a  dangerous  voltage.  You  can  never 
tell  when  it  may  be  crossed  with  a  high- 
voltage  wire  and  is  therefore  charged 
above  the  normal.  Some  interesting  ob- 
servations regarding  the  effects  of  elec- 
tric shocks  are  given  in  Cassier's  Mag- 
zine  from  which  the  following  extracts 
are  taken: 

"Touch  one  side  of  a  circuit  lightly 
with  the  finger  while  making  contact 
with  the  other  side  either  through  a 
ground  or  by  actually  touching  it ;  the 
sensation  is  similar  to  receiving  a  violent 
blow  in  the  chest ;  a  small  burn  that  is 
deep,  but  not  painful,  will  be  found  on 
the  finger  where  contact  was  made. 
Make  a  better  contact,  as  by  touching  the 
circuit  with  a  piece  of  metal  held  firmly 
in  the  hand,  and  the  blow  will  be  strong 
enough  to  knock  the  experimenter  down. 
It  is  probable  that  no  burn  will  result,  as 
the  current  has  a  large  surface  through 
which  to  enter  the  hand ;  in  rare  cases  the 
person  may  become  unconscious  for  a 
short  time.  Grasp  the  wire  firmly  in  the 
hand,  and  for  a  time  at  least  it  will  be 
impossible  to  release  it.  Serious  burns 
are  made  where  the  wire  touches  the 
hand,  and  unless  the  victim  succeeds  in 
wrenching  himself  free,  or  help  is  quickly 
rendered,  the  result  is  liable  to  prove 
fatal.  The  last  case  is  of  very  rare  oc- 
currence ;  it  is  pretty  sure  to  obtain  con- 
siderable space  in  the  daily  papers  when 
it  actually  does  occur,  while  in  many  of 
the  reports  seen  the  victim  may  exclaim, 
with  Mark  Twain,  'Accounts  of  my  death 
greatly  exaggerated.'  On  the  other 
hand,  people  are  knocked  down  by  the 
current  every  day.  It  is  rather  peculiar 
that  the  500  volt  shock  will,  in  the  ma- 
jority of  cases,  kill  a  horse. 

"Trolley  current  is  a  500-volt  circuit, 
with  the  exception  of  perhaps  half  a 
dozen  lines  recently  installed,  which  go 
to  1,000  or  over;  and  the  statements 
above  apply  to  the  trolley  as  well  as  to 
motors.  As  the  return  circuit  is  through 
the  rails,  the  circuit  is  always  grounded. 
It  is  well  to  remember,  in  case  of  a  fall- 


ing trolley  wire,  that  standing  upon  a  dry 
board  will  give  full  protection ;  that  while 
sitting  in  a  car  there  is  no  danger  of 
shock  from  a  broken  wire  or  other  cause 
if  one  does  not  touch  metal  or  wet  wood ; 
raising  the  feet  from  the  floor  that  may 
be  wet  or  dirty  will  do  as  an  additional 
precaution.  If  one  wishes  to  remove  a 
wire  to  avoid  shock  or  for  other  reasons 
it  may  be  done  with  safety  while  standing 
upon  a  dry,  clean  board  and  removing 
the  wire  with  a  piece  of  dry  board 
not  large  enough  to  stand  on,  or 
with  several  thicknesses  of  dry  paper 
(a  newspaper),  or,  in  case  of  emergency, 
a  bundle  of  dry  clothing. 


A  KITE  TELEPHONE. 

An  interesting  combination  of  a  kite 
and  special  telephone  set  to  be  used  for 
war  purposes  is  proposed  by  Edward  E. 
Harbert  of  Chicago.  The  principal  fea- 
ture of  the  invention  consists  of  an  egg- 
shaped  telephone  case,  having  on  one 
side  °  glass  tube  with  electrical  connec- 
tions a.  the  top  end  and  in  the  sides,  and 
a  q  v  of  mercury  in  the  lower  por- 

tico. ?   large    end    of    the    case   is 

weighted.  A  transmitter  and  receiver, 
on  a  complete  metallic  circuit,  are  in- 
closed in  the  case,  which  can  easily  be 
opened.  The  case  is  suspended,  large 
end  up,  from  a  light  double  wire  running 
over  a  pulley  which  is  attached  to  the 
kite  line  close  to  the  kite.  Large  box 
kites  are  used  of  sufficient  strength  and 
size  to  support  che  apparatus  as  well  as 
their  own  necessarily  heavy  flying  line. 

The  big  box  kite  is  sent  up  in  the  air 
by  the  party  which  is  approaching  the 
beleaguered  spot  and  to  it  are  paid  off 
from  reels  the  kite  string  and  the  tele- 
phone wires.  At  intervals  the  secondary 
kites  are  sent  up.  When  careful  calcu- 
lation shows  the  kite  is  directly  over  the 
spot  to  be  reached  the  kite  line  reel  is 
checked  and  the  telephone  reel  is  allowed 
to  run,  lowering  the  egg-shaped  case 
from  the  pulley  to  the  ground.  When  it 
strikes  on  any  surface  it  tips  upon  its 
side  because  of  its  shape  and  the  mer- 
cury in  the  glass  tube  runs  down  to  the 
top,  making  connection  between  the  two 
electric  terminals  and  establishing  a  cir- 
cuit which  immediately  rings  a  bell  at  the 
sending  station.  The  operator  then  knows 
that  the  apparatus  is  on  the  ground  and 
cuts  out  the  bell  circuit. 


ELECTRICAL  MEN  OF  THE  TIMES. 

BION  J.  ARNOLD. 


It  is  interesting  to  follow  the  life  of  a 
genius,  the  more  so  if  he  be  a  young 
man  whose  future  holds  promise  of  new 
and  greater  things.  That  Bion  J.  Ar- 
nold is  a  genius  none  can  deny — a  ge- 
nius not  of  the  kind  who  devotes  his 
time  to  the  pursuit  of  the  elusive  but 
whose  energies  are  given  to  the  solving 
of  problems  effecting  the  every-day  life 
of  his  fellow  men. 

Mr.  Arnold  was 
born  at  Casnovia, 
Mich.,  Aug.  14,  1861. 
His  parents  soon  aft- 
er moved  to  Ashland, 
Neb.,  where  his  ear- 
ly education  was  ob- 
tained. Later  he  stud- 
ied at  the  University 
of  Nebraska  and  fi- 
nally entered  Hills- 
dale College  (Michi- 
gan), where  he  re- 
ceived the  degrees  of 
Bachelor  of  Science 
in  1884,  Master  of 
Science  in  1887  and 
Doctor  of  Philosophy 
in  1889.  He  also  took 
one  year  of  post- 
graduate  work  in 
Cornell   University. 

At  an  early  age 
young  Arnold  evinc- 
ed a  marked  liking 
for  mechanics,  and  while  a  mere  boy  was 
a  better  machinist  than  many  men  who 
have  spent  their  lives  at  the  work.  Cher- 
ished among  his  keepsakes  is  a  model 
locomotive,  complete  in  every  detail, 
which  now  occupies  a  prominent  place 
in  his  big  Chicago  office.  This  locomo- 
tive was  built  by  him  when  he  was  only 
18  years  of  age,  and  from  cow-catcher 
to  tender  the  details  of  its  construction 
are  evidence  of  remarkable  mechanical 
accuracy. 

Electricity,  as  it  began  to  make  head- 
way in  the  industrial  world,  became  to 
him  of  intense  interest,  and  this  became 
his  chosen  field,  especially  in  the  lines 
of  electric  traction  and  electric  lighting. 
To  enumerate,  even,   the  main-  achieve- 


ments which  have  won  for  him  the  hon- 
ored place  he  now  holds  in  the  profes- 
sion would  make  a  long  story.  It  will 
suffice  to  say  that  he  was  made  delegate 
to  the  International  Electrical  Congress 
in  Paris  in  1900;  was  president  of  the 
American  Institute  of  Electrical  Engi- 
neers, 1903  to  1904 ;  vice-president  and 
chairman  of  the  executive  committee  of 
of  the  International 
Electrical  Congress  at 
St.  Louis,  1904,  and 
president  of  the 
Western  Society  of 
Engineers,  1906-19071. 
These  are  the  highest 
offices  that  could  be 
bestowed  upon  him 
by  the  electrical  fra- 
ternity. 

As  a  mark  of  the 
faith  of  the  people  in 
Mr.  Arnold's  ability 
as  an  engineer,  he  has 
been  retained  by  the 
city  of  Chicago  as 
chairman  of  the  board 
of  supervising  engi- 
11  e  e  r  s  who  h  ave 
charge  of  the  rehabil- 
itation of  the  Chicago 
traction  lines  under 
the  new  ordinance, 
being  the  chief  engi- 
neer of  this  work, 
which  is  one  of  great  complexity.  He 
was  also  one  of  the  board  of  engineers 
having  charge  of  the  electrification  of 
the  New  York  Central  lines  in  and  near 
New  York  city,  and  has  recently  made 
an  exhaustive  report  on  the  subway  sig- 
nal system  of  the  Interborough  Rapid 
Transit  Company. 

Himself  a  brilliant  example  of  concen- 
trated energy  and  thorough  education. 
Mr.  Arnold's  own  advice  to  boys  and 
young  men  is  to  get  the  best  theoretical 
training  possible,  but  at  the  same  time 
to  learn  to  use  tools  like  a  skilled  me- 
chanic. Such  an  engineer  is  the  one  who 
will  be  sought  as  long  as  problems  re- 
main to  be  solved  in  the  engineering 
world. 
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MORE  COMFORT  IN  THE  HOME. 


BY  ELIZABETH  H.  CALLAHAN. 


"How  can  I  solve  this  servant  prob- 
lem," said  a  delicate  little  woman  to  me 
one  day.  "I  cannot  afford  to  pay  the 
wages  they  ask,  neither  am  I  able  to 
stand  by  a  hot  stove  and  get  overheated. 
Our  family  is  small,  but  there  is  just  so 
much  cooking  that  must  be  done."  "Why 
not  try  cooking  by  electricity,"  I  asked. 
"Oh,  I  know  nothing  about  electricity 
and  am  afraid  that  is  a  dream  of  the 
future."  Then  I  hastened  to  assure  this 
little  woman  that  cooking  by  electricity 
is  no  dream  but  a  very  pleasant  reality, 
and  showed  her  how  simple,  safe,  help- 
ful and  clean  it  is.  I  might  go  on  in- 
definitely describing  the  merits  of  cook- 
ing with  electricity. 

We  are  all  familiar  with  the  coal  and 
gas  range.  They  both  have  their  good 
points,  but  they  also  both  have  their  dirt 
and  heat.  How  much  better  it  is  to 
have  a  clean  oak  table  that  never  needs 
to  be  blackened,  only  wiped  with  a  damp 
cloth  when  necessary.  We  have  at  the 
back  of  this  table  a  switchboard  on 
which  are  fastened  the  cords  that  are 
attached  to  the  cooking  devices  when 
they  are  in  use.  The  neat,  shining 
utensils  appeal  to  the  careful  housewife, 
and  this  table  becomes  her  pride  and 
pleasure. 

The  complete  outfit  consists  of  cereal 
cooker  or  steamer,  griddle,  broiler,  cof- 
fee percolator,  water  heater,  plate  warm- 
er, frying  pans,  and  best  of  all,  an  oven. 
No  more  headache  on  baking  day.  On  a 
warm  day  in  summer  the  kitchen  is  as 
cool  as  the  parlor,  for  electricity  does 
the  work  assigned  to  it  and  cooks  the 


food  within  the  utensil.  It  does  not 
throw  out  the  heat  to  make  the  air  of 
the  kitchen  heavy,  and  this  alone  proves 
it  by  far  the  most  healthful  method  of 
cooking.  No  more  matches  for  the 
small  boy  of  the  house  to  make  a  blaze 
or  gas  burners  for  him  to  turn  on.  Elec- 
tricity is  the  "safe  fire"  to  have  in  the 
house  with  children.  The  housewife  no 
longer  dreads  the  hour  for  preparing 
dinner.  Any  of  these  devices  may  be 
ready  for  use  within  a  few  moments 
after  attaching  the  plug  at  the  side  of 
the  utensil.  Simple,  you  say.  Why  a 
child  could  cook  with  electricity,  and 
indeed  it  seems  like  child's  play  after 
using  a  coal  range. 

Let  me  describe  a  few  of  these  uten- 
sils. The  cereal  cooker  or  steamer  is  a 
combination  which  may  also  be  used  as 
a  water  heater  or  double  boiler.  When 
steam  is  used  a  small  quantity  of  water 
is  sufficient,  and  the  heater  uses  less 
current  and  requires  less  time  for  cook- 
ing.    It  is  made  of  sheet  aluminum. 

The  coffee  percolator  is  also  made  of 
sheet  aluminum  and  is  an  ornament  to 
any  breakfast  or  dinner  table.  This 
method  of  making  coffee  extracts  the 
flavor  from  the  coffee  bean  without  the 
harmful  ingredients.  There  is  no  alco- 
hol to  spill  on  the  table  and  make  a  dis- 
agreeable odor.  Simply  connect  the  cord 
to  the  chandelier  above  the  table  and 
within  a  few  moments  a  delicious  cup 
of  coffee  is  ready  to  be  served. 

The  plate  warmer  or  stove  is  made  of 
cast  iron  and  has  a  flat  top  on  which  any 
ordinary  sauce  pan  may  be  placed.  We 
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all  know  that  griddle  cakes  should  be 
served  hot  and  if  the  family  likes  cakes, 
one  member  must  be  in  the  kitchen  bak- 
ing. Why  not  bring  the  electric  grid- 
dle, place  it  on  the  dining  table,  attach 
the  cord  and  serve  the  cakes  hot  with- 
out breaking  the   family   circle? 

The  broiler  is  especially  fine  for 
steak  and  chops,  as  there  is  no  danger  of 
burning,  and  the  heat  may  be  regulated 
as  desired.  All  these  devices  are  inde- 
structible and  with  ordinary  care  will 
outlast  any  other  cooking  utensil  and  al- 
ways  look  bright     and     shining.      The 


In  the  laundry  we  have  a  big  change 
from  the  oven  heated  room  of  days  gone 
by.  The  electric  iron  makes  ironing  a 
pleasure.  Xo  more  weary  step-  to  and 
from  a  hot  stove.  The  iron  is  attached 
to  a  receptacle  convenient  to  the  ironing 
board  and  we  can  iron  all  day  without 
leaving  the  board  .  once.  The  peculiar 
shape  of  the  iron  makes  it  possible  to 
iron  the  corners  and  ruffles  as  you  never 
thought  you  could  with  the  old  style  fire 
heated  iron.  If  the  day  is  warm,  take 
the  ironing  board  out  on  the  back  porch, 
extend    the    cord    through    the    window 


A    KITCHEN    WHERE    ELECTRICITY  REIGXS. 


meals  can  be  prepared  in  half  the  time — ■ 
no  more  cross  hostesses  because  the  fire 
won't  burn.  Only  a  happy,  cheerful 
housewife,  who  sits  down  to  a  quickly 
prepared  meal  without  the  worried  look 
she  used  to  wear. 

Do  we  use  electricity  only  in  the 
kitchen,  you  ask  ?  Oh  no  !  In  every  room 
in  the  house  we  have  some  means  of 
comfort  procured  through  the  agency  of 
electricity. 


and  iron  in  the  cool  air.  In  speaking  of 
the  laundry,  we  must  not  forget  the 
motor  to  run  the  washing  machine.  Just 
attach  the  small  motor  to  the  machine 
and  you  will  find  where  the  washing 
used  to  take  the  whole  morning,  in  less 
than  an  hour  it  will  be  hanging  on  the 
line. 

In  the  dining  room  we  have  the 
ing  dish  which  has  become  a  household 
necessity.     Many  a  dainty  meal  can  be 
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prepared  by  the  hostess  when  she  does 
not  wish  to  go  into  the  kitchen  for  the 
after-theater  or  Sunday  night  supper.  It 
is  also  just  the  thing  for  the  young 
folks,  who  may  wish  to  make  candy  at 
a  time  when  it  is  not  convenient  for 
them  to  be  in  the  kitchen.  The  chafing 
dish  ma}"  be  carried  up  stairs  if  neces- 
sary where  the  invalid  member  of  the 
family  must  take  his  or  her  meals.  Served 
in  this  manner  they  are  sure  to  be  hot 
and  appetizing. 

I  have  in  mind  a  young  boy  who  had 
the  misfortune  to  break  his  leg  and  was 
confined  to  his  room  for  some  weeks. 
The  electric  chafing-  dish  was  his  great- 


IT'S  COZY  BY  THE  LUMINOUS  RADIATOR. 


est  amusement.  He  prepared  many  of 
his  meals,  having  a  chafing  dish  table 
with  everything  convenient  to  his  hand. 
He  gave  many  a  delightful  "spread"  to 
his  friends,  and  his  family  blessed  the 
chafing  dish  for  saving  them  man}"  a 
trying  hour. 

And  what  has  electricity  done  for  the 
sick  folks?  The  heating  pad  takes  the 
place  of  the  hot  water  bottle  that  usual- 
ly breaks  at  the  time  it  is  most  needed. 
or  leaks,  causing  the  patient  to  take 
cold.  The  heating  pad  may  be  regulated 
to  give  three  degrees  of  heat  bv  a  switch 
which   the   invalid    can   easily   turn,   and 


we  all  know  the  comfort  and  almost  im- 
mediate relief  from  pain  which  comes 
from  the  application  of  heat. 

For  the  bath  room  we  have  the  hot 
water  heater  for  the  man  of  the  house  to 
heat  water  for  shaving  or  mother  to 
heat  baby's   milk  at  night. 

If  the  weather  is  cool  we  can  turn  on 
the  luminous  radiator,  and  the  chill  is 
almost  immediately  taken  off  the  room. 
In  the  luminous  radiator  we  have  a 
splendid  substitute  for  the  old  fashioned 
fire  place,  although  nothing  can  ever 
take  its  place  even  if  some  houses  have 
the  misfortune  to  be  built  without  one. 
Then  young  folks,  who  love  a  romantic 
spot,  turn  out  all  the  lights  and  turn  on 
the  luminous  radiator.  It  lights  with 
a  cheerful  glow  and  throws  out  suf- 
ficient heat  to  make  a  chilly  room  com- 
fortable in  the  spring  and  fall  when  it 
is  not  cold  enough  to  operate  the  fur- 
nace. 

Why  need  we  have  our  backs  aching 
because  we  have  run  a  sewing  machine 
all  day?  If  electricity  did  our  washing. 
why  not  our  sewing.  Let  the  motor  run 
the  machine  and  the  seamstress  need 
only  guide  the  seam  and  rest  her  weary 
limbs.  If  she  wishes  to  press  a  seam  all 
she  need  to  do  is  to  connect  the  small 
iron  to  a  convenient  lamp  socket  and 
press  her  seams  without  going  into  the 
kitchen  and  wasting  her  time  waiting 
for  an  iron  to  heat  or  often  for  the  fire 
to  come  up. 

It  takes  but  a  few  moments  when  our 
friends  drop  in  of  an  afternoon  to  turn 
en  the  switch  by  the  side  of  the  tea  ta- 
ble in  the  parlor  and  attach  the  cord  to 
the  side  of  the  kettle.  In  a  few  mo- 
ments the  tea  kettle  is  singing  merrily 
and  we  have  a  nice  hot  cup  of  tea  to  re- 
fresh our  friends. 

Do  the  men  who  go  to  the  offices 
where  the  electric  fan  makes  a  delight- 
ful breeze  ever  think  of  buying  one  for 
their  wives  to  cool  them  as  they  go 
about  their  necessary  duties'  Could  any- 
thing be  pleasanter  on  a  hot  day  than  to 
sit  in  a  room  when  an  electric  fan  is 
running?  We  almost  forget  that  it  is 
warm  and  look  around  for  a  wrap,  won- 
dering meanwhile  how  we  ever  were  able 
to  do  our  work  before  electricity  did  it 
for  us. 
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ELECTRIC  FOOT  WARMER. 

Improper  distribution  of  heat,  floor 
draughts  and  temperature  difference  be- 
tween the  floor  and  higher  levels,  all 
combine  to  produce  cold  feet,  and, 
as  a  consequence,  an  uncomfortable 
condition  generally.  How  nice  it  is, 
then,  to  produce  a  little  heat  just 
where  it  is  wanted.  The  Simplex 
foot  warmer  will  do  this  and  at  the 
same  time  act  as  an  admirable  foot  rest. 
The  frame  is  made  of  cast  iron,  finished 
in  black  japan.  The  heating  coils  are  lo- 
cated within  the  frame,  where  they  can- 
not be  injured.  A  suitable  cord  and  plug 
are  provided  for  attachment  to  the  near- 
est electric  light  socket. 

The  warmer  is  made  in  two  styles. 
One  style  has  a  solid  top,  designed  for  a 
mild  foot  warmer  for  continuous  use, 
without  making  the  feet  unduly  warm. 
It  is  just  hot  enough  not  to  burn  leather, 
and  the  current  required  is  less  than  for 
an  average  16  candlepower  lamp.  The 
other  style  is  made  with  a  "register"  top, 
and  arranged  for  three  degrees  of  heat. 


When  on  low  heat  it  fills  the  demand  for 
a  mild  foot  warmer,  and  on  a  high  heat 
it  is  quite  effective  for  a  local  heater 
under  the  desk,  or  some  similar  location. 


UNIQUE  LIBRARY  ILLUMINATION. 

Reading,  at  all  times  a  pleasure,  be- 
comes more  than  ever  enjoyable  amid 
luxurious  surroundings  such  as  are  pic- 
tured in  the  accompanying  illustration. 
Of  all  the  furnishings,  the  feature  to  first 
attract  the  attention  is  the  candelabra  of 
electric  incandescent  lamps  with  its  um- 
brella-like reflector  or  canopy  which 
casts  the  rays  downward.  The  lamp 
globes  are  frosted,  so  that  the  glare  does 
not  become  objectionably  strong".  The 
various  corners  and  nooks  in  the  library 
arc  also  illuminated  by  individual  bracket 
lamps.  The  photo  from  which,  the 
cut  was  reproduced  shows  an  interior 
view  of  one  of  Chicago's  most  beauti- 
ful   homes,    and    is    an    example    of    the 


Photo  by  Gerlach. 
UNIQUE    LIBRARY    ILLUMINATION. 

artistic    and    practicable    application    of 
electricity  to  library  lighting. 


A  REVELATION. 

It  is  morning  in  the  electrical  house, 
a  touch  of  a  button  lights  the  face  of 
a  tiny  clock  on  the  dresser  and  the 
master  of  the  house  can  see  that  it  is 
time  to  get  up.  The  weight  of  a  finger 
on  another  button  lights  the  room : 
another  button  pressed  and  the  electric 
luminous  radiator  sends  its  cheering 
heat  out  into  the  room. 

In  the  bathroom  the  water  for  the 
morning  bath  is  heated  as  fast  as  it  can 
be  drawn,  by  the  instantaneous  water 
heater.  The  luminous  radiator  quickly 
heats  the  room.  The  electric  shaving 
mug  prepares  the  suds  for  the  morning 
shave  and  the  >electric  vibrating  ma- 
chine is  ready  to  administer  the  invig- 
orating massage. 

With  the  mistress  of  the  electrical 
house  there  is  no  waiting  for  sleepy 
eyed  servants  :  no  poking  at  slow  burn- 
ing fires :  no  carrying  and  handling  of 
coal   and   ashes.     While   she   is   dressing 
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she  touches  a  button,  and  the  invisible 
fires  in  the  electric  kitchen  are  started 
and  by  the  time  she  appears  in  the 
kitchen  the  cereal  is  cooking  and  the 
tea  kettle  boiling  away.  In  a  few  min- 
utes the  breakfast  is  prepared  in  the 
electric  stove  and  the  day  is  fairly  be- 
gun.— Everbest   Magazine. 


THE  NEW  SERVANT  GIRL. 

BY   MRS.   G.   A.   FLEMING. 

There's  a  new  servant  girl  on  the 
market,  come  and  buy.  She's  the  sort 
that  you  can  own  body  and  soul.  ''She's 
great,"  so  great  that  you  have  to  take 
her  in  sections.  When  once  she  be- 
comes attached  to  you,  she  will  never 
leave  you,  for  while  she  is  always  en- 
gaged, yet  she  never  gets  married.  She 
is  not  a  "peach"  but  a  current.  She 
won't  tolerate  even  a  wink  from  the 
good  man  of  the  house,  consequently, 
the  "family  jars"  all  contain  sugar 
where  she  is.  She  never  gossips,  never 
gets  homesick,  never  is  impertinent  and 
is  cleanly,  quiet,  and  every  ready  for 
duty. 

She's  the  modern  girl  that  knows  how 
to  do  things.  Its  only  a  pleasure  to 
watch  her  whirl  out  a  batch  of  clothes 
in  the  washing  machine,  change  a  little 
belt  and  run  them  through  the  wringer. 
Then  she  irons  the  flat  work  on  a  family 
mangle,  and  smooths  the  fancy  pieces 
with  a  hand  iron. 

With  her  portable  vacuum  cleaning 
machinery  she  can  clean  a  room  in  short 
order.  She  simply  runs  the  dirt  collec- 
tor, which  is  on  the  end  of  a  long  rub- 
ber tube,  over  the  rugs,  mattresses,  por- 
tiers,  walls,  etc.,  and  the  suction  forces 
the  dirt  and  dust  through  the  tube  into 
the  dust  pan  in  the  cabinet,  which  also 
contains  the  works. 

It's  perfectly  wonderful !  but  she 
knows  how  to  manufacture  ice.  She 
turns  the  kitchen  refrigerator  into  a 
miniature  ice  factory  and  freezes  a  coat- 
ing of  ice  all  over  on  the  inside  of  its 
different  compartments  between  the  out- 
er case  and  the  inner  linings.  No  ice 
man's  dirty  tracks  up  the  back  steps  for 
her. 

Her  baking  and  cooking  are  something 
to  be  remembered,  nothing  burnt  on 
one  side  and  raw  on  the  other,  since  the 
temperature  in  the  range   can  be  regu- 


lated to  any  degree.  She  can  run  the 
ice  cream  freezer  or  the  sewing  machine 
all  day  and  not  get  tired.  Behold !  She 
is  also  the  dish  washer,  and  to  her 
you  can  trust  your  daintiest  china,  with- 
out fear  of  injury.  She  delights  and 
educates  the  children  by  turning  their 
toy  wind-mills  and  merry-go-rounds. 

She  has  at  her  command  numerous 
little  machines  that  are  very  useful ;  one 
to  polish  the  silverware,  one  for  warm- 
ing the  plates,  one  for  lighting  "his 
cigar,"  one  for  heating  the  lady's  curl- 
ing iron,  one  for  drying  the  lady's  hair 
after  a  shampoo,  one  for  heating  the 
water  in  "his"  shaving  mug,  one  to 
warm  the  milk  for  baby,  a  heating  pad 
that  keeps  a  steady  heat  and  never 
leaks  because  its  never  filled,  an  alarm 
clock  and  a  burglar  alarm,  any  one  of 
which  will  continue  ringing  until  "throt- 
tled." A  silver  toned  chime  announces 
the  fact  that  breakfast,  dinner,  or  sup- 
per is  ready.  Won't  these  glad  tidings 
cheer  the  weary  housewife?  She  also 
has  medical  contrivance  at  her  command 
for  increasing  vital  activity.  By  these 
appliances  she  can  relieve  pain,  cure  the 
sick,  and  make  the  old  seem  younger. 

She  can  play  the  piano  better  than 
Paderewski,  himself.  The  stereopticon 
she  can  run  beautifully  and  never  make 
a  mistake  in  slipping  scenes  along.  On 
a  cold  winter's  night  she  will  meet  you 
at  the  door  with  a  bright  welcome  and 
a  warm  reception.  With  her  fans  and 
sprayers  going,  the  atmosphere  of  her 
house  is  as  pure  and  invigorating  as  the 
mountain  air. 

This  matchless  maiden  has  switches 
in  her  hair,  fire  in  her  eye,  wheels  in 
her  head,  volts  in  her  throat,  rubber  in 
her  neck,  speed  in  her  feet  and  healing 
in  her  hands.  Her  favorite  amusement 
is  looping  the  loops.  Her  lineage  is 
aristocratic,  dating  back  to  Benjamin 
Franklin.  She  is  extremely  fond  of  her 
relations,  and  woe  to  the  party  that  gets 
between  her  and  her  connections.  De- 
spite her  culture  and  refinement  if  she 
is  not  properly  treated,  she  will  shock 
you. 

Take  her  and  trust  her  and  she  will 
bring  you  comfort,  safety  and  happiness. 
What!  Never  met  her?  How  unfortu- 
nate !  Come  and  be  introduced  to  "Miss 
Electricity." 
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A  MOTOR  FOR   THE   SEWING   MACHINE. 

Application  of  a  motor  to  the  sewing 
machine  is  highly  appreciated  in  any 
household  where  a  considerable  amount 
of  sewing  is  done.  Motors  for  this  pur- 
pose are  now  manufactured  which  are 
equally  satisfactory  for  drop-head  or  sta- 
tionary-head sewing  machines. 

In  the  Westinghouse  type  of  sewing 


MOTOR  APPLIED    TO   DROP-HEAD    SEWING 
MACHINE. 

machine  motor,  shown  in  the  two  illus- 
trations, the  motor  is  mounted  on  the  top 
of  the  table  and  runs  at  a  constant  speed. 
The  speed  of  the  needle  is  regulated  by 
increasing    or    decreasing   the    belt    ten- 


MOTOR     APPLIED     TO     STATIONARY-HEAD 
SEWING   MACHINE. 

sion.  A  special  brake  and  belt  tight- 
ener arm  is  attached  by  a  chain  to  the 
foot  pedal,  which  should  be  disconnected 
from  the  large  balance  wheel.  Pressure 
on  the  pedal  releases  the  brake,  tightens 


the  belt  and  starts  the  machine.  Per- 
fect regulation  of  the  speed  is  obtained 
after  a  few  minutes'  practice.  In  fact 
the  needle  may  be  stopped  with  greater 
promptness  than  when  running  from  the 
foot  pedal,  and  the  usual  control  over 
the  speed  is  readily,  learned. 


AN  ELECTRIC  LAUNDRY  WASHER. 

Modern  conveniences  for  doing  house- 
work go  a  long  way  toward  solving  the 
problem  of  securing  and  retaining  do- 
mestic help.  One  of  the  great  stumbling 
blocks  has  always  been  the  laundry  work, 
but  a  neat  electrically  driven  washer,  sim- 
ilar to  the  one  shown  in  the  illustration, 
is  much  less  apt  to  strike  dismay  to  the 
heart  of  a  prospective  servant  than  is 
the  old-fashioned  wash  tub. 

No  particular  knowledge  of  electricity 
is  necessary  in  the  operation  of  the  ma- 
chine.     Simply    moving   the    little    con- 


ELECTRIC  LAUNDRY  WASHER. 

troller  handle  from  left  to  right  starts  the 
motor,  which  maintains  the  proper  speed 
until  the  current  is  shut  off. 

An  automatic  mechanism  reverses  the 
direction  of  rotation  exactly  the  same  as 
in  a  hand-driven  machine,  and  the  inside 
cylinder  of  the  washer  makes  equal  revo- 
lutions in  each  direction.  The  small 
electric  motor  is  shown  in  the  cur 
as  operating  the  washer  by  a  belt.  These 
motors  are,  however,  arranged  in  some 
types  to  drive  the  machine  by  means  of 
enclosed  gearing,  thus  doing  away  with 
the  belt,  and  absolutely  preventing  oil  or 
dirt  from  reaching  the  clothes. 


JUNIOR. 
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HOW  RALPH  PHOTOGRAPHED  THE  THIEF. 


MR.  HARRIS  came  home  one 
night  looking  worried.  As  he 
sat  down  at  the  supper  table  he 
remarked :  "Mother,  there  is  something 
wrong  at  the  store,  and  for  the  life  of 
me  I  can't  make  it  out." 

Ralph  Harris,  who  was  a  sturdy,  well- 
set-up  boy  of  15.  pricked  up  his  ears  at 
this,  but  said  nothing. 

"Some  one  is  stealing  copper  wire 
from  the  rear  store  room,"  continued 
Air.  Harris,  "they  don't  take  a  great 
deal  at  a  time,  perhaps  only  one  coil, 
but  it  has  been  going  on  for  several 
weeks  quite  regularly  and  something  has 
got  to  be  done  about  it.  Copper  wire  is 
worth  nearly  15  cents  a  pound,  and  I 
have  already  lost  a  great  deal  more  than 
I  can  afford." 

Nothing  more  was  said  at  the  time, 
but  during  supper  and  for  a  long  time 
after  he  went  to  bed,  Ralph  was  think- 
ing. 

"It  must  be  some  one  who  has  a  key 
to  the  store  and  also  to  the  back  store- 
room," said  Ralph  to  himself.  "It  looks 
to  me  as  if  it  was  one  of  the  men  who 
works  for  father,  and  who  thinks  that 
by  taking  a  little  at  a  time  he  will  not 
excite  suspicion."  I  wonder  how  I  can 
catch  him  in  the  act." 

Suddenly  a  happy  thought  came  to 
Ralph.  Why  not  photograph  the  thief? 
But  how  could  it  be  done? 

Ralph  was  an  enthusiastic  amateur 
photographer  and  owned  a  good  outfit. 
He  was  also  familiar  with  the  general 
principles  of  electricity  and  often  rigged 
up  electrical  devices  for  his  own  amuse- 


ment, for  his  father's  store  was  a  gen- 
eral electrical  supply  establishment  and 
he  had  materials  at  hand.  So  it  did  not 
take  him  long  to  devise  a  plan  to  detect 
the  thief.  He  explained  it  the  next  morn- 
ing to  his  father. 

"Father,"  said  Ralph,  "I  want  you  to 
let  me  set  up  my  camera  in  the  store- 
room to-day  and  be  ready  to  catch  that 
thief,  whoever  he  is,  right  in  the  act." 

"How   are   you   going  to   photograph 


him  at  night,"   said   Mr.   Harris 


ho 


secretly  had  a  great  deal  of  confidence 
in  Ralph's  brightness  and  ability. 

"This  is  the  way  I  will  do  it,"  said 
Ralph.  "I  will  set  up  my  camera  in  the 
store-room,  and  focused  on  the  door. 
Over  it  I  will  place  a  box  tilted  up  on 
one  edge  and  held  by  a  prop  which  will 
be  pulled  from  under  the  box  by  a  string 
attached  to  the  door.  After  it. is  dark  in 
the  store-room,  I  will  open  the  shutter 
of  the  camera  and  leave  it.  If  any  one 
opens  the  door  the  action  will  set  off  my 
flash  light  powder  and  also  pull  the 
prop  from  under  the  box.  The  box  will 
fall  down  over  the  camera  and  keep  the 
light  out  of  it,  when  daylight  comes,  un- 
til I  can  come  and  close  the  camera  shut- 
ter." 

"Very  good,"  said  Mr.  Harris.  "But 
how  will  you  flash  the  powder  while 
you  are  safely  at  home  in  bed?" 

"Simple  enough,"  said  Ralph — "elec- 
tricity. On  the  floor  at  a  point  where 
the  door  will  be  when  it  is  about  one 
quarter  open  I  will  nail  a  little  strip  of 
tin,  and  from  the  tin  I  will  run  a  wire  to 
one  terminal   of   one   of  those   little  in- 
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duction  coils  we  sell  at  the  store,  and 
which  are  used  for  the  little  shocking 
outfits.  On  the  door  I  will  nail  another 
strip  of  tin  so  it  will  just  brush  over  the 
strip  on  the  floor  when  the  door  is  open- 
ed. From  the  tin  on  the  door  I  will  run 
a  wire  to  the  other  terminal  of  the  in- 
duction coil.  I  will  also  connect  a  dry 
battery  with  the  coil,  as  it  would  be 
connected  if  we  used  the  induction  coil 
as  a  'shocker.'  Then  I  will  put  the  two 
little  metal  handles  of  the  induction 
coils  which  you  take  hold  of  when  you 
want  to  get  a  shock  from  the  coil,  very 
close  together  in  my  dish  of  flash-light 
powder — not  quite  touching,  but  less  than 
a  sixteenth  of  an  inch  apart.  When  the 
door   is   opened   the   connection   will   be 
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made  for  an  instant  by  the  two  metal 
strips  and  a  spark  will  jump  from  one 
handle  to  the  other,  lighting  the  pow- 
der. The  camera  will  be  pointed  at  the 
opening  in  the  door,  the  exposure  will 
be  made  and  the  box  will  tumble  over 
the  camera  covering  it  safely." 

"It    look   as    if   it   might    work,"    said 
Mr.  Harris,  "and  von  can  try  it." 


So  Ralph  worked  secretly  in  the  store- 
room that  day  and  set  up  the  camera 
and  made  the  electrical  connections  as 
described.  After  dark  that  evening  he 
opened  the  shutter  of  the  camera.  But 
next  morning  nothing  had  happened, 
and  the  box  was  still  up  over  the  camera 
and  a  plate  was  spoiled  by  the  daylight. 

On  the  second  night  something  hap- 
pened, however.  In  the  morning  when 
Ralph  went  to  look  at  his  camera  trap 
he  found  the  door  open  and  the  box  was 
down  over  the  camera.  Very  carefully 
he  covered  the  box  and  camera  with  a 
black  cloth  and  carried  them  to  his  dark 
room  and  developed  the  plate.  The 
picture  with  this  story  shows  how  well 
he  succeeded.  The  thief  entering  the 
door  was  one  of  his  father's  employes 
and  who  had  never  been  suspected  of 
dishonesty.  When  the  flashlight  was  ex- 
ploded he  evidently  became  frightened 
and  left  the  store  in  a  hurry.  He  was 
never  seen  again  in  the  town,  for  he 
evidently  suspected  that  he  would  be 
found  out. 

All  the  same,  there  were  no  more 
robberies  and  Ralph  got  the  credit  for 
discovering  the  thief. 


THE  MOTORMANS  WATCHDOG. 

Probably  a  good  many  of  our  youth- 
ful readers  have  stood  on  the  front  plat- 
form of  a  street  car  and  have  been 
frightened  by  a  loud  noise  up  on  the 
roof  of  the  platform.  You  may  remem- 
ber that  the  motorman  then  shuts  off  his 
controller,  reaches  up  and  knocks  a  han- 
dle on  a  box,  and  then  starts  his  car 
again.  You  have  probably  wondered 
what  that  box  contains  and  why  it  "ex- 
plodes." 

The  box  with  its  contents  is  called  a 
circuit  breaker  and  it  is  put  there  to  pre- 
vent the  motorman  from  starting  his 
car  too  quickly.  If  he  were  able  to  start 
the  car  instantly,  and  the  circuit  breaker 
were  not  there,  the  coils  of  wire  in  the 
motors  would  probably  become  red  hot 
and  damage  the  motors. 

The  circuit  breaker  consists  of  a 
switch  and  some  coils  of  wire  wound 
around  an  iron  core.  When  the  car  is 
started  too  quickly  the  iron  core  be- 
comes magnetized  by  the  electric  cur- 
rent   in    the    coils,    strongly    enough    to 
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knock  out  the  switch.  The  current  is 
then  cut  off  from  the  motors  and  the 
motorman  must  turn  his  controller  back 
and  close  the  switch  before  he  can  again 
start  his  car. 


A  HOME-MADE  BATTERY. 

The  common  dry  battery  and  the  Le- 
clanche  or  sal  ammoniac  cell  are  not  well 
suited  for  running  an  electric  motor  for 
any  length  of  time,  but  should  be  used 
only  for  ringing  door  bells  and  similar 
things.  A  very  good  cell  for  motor  work 
can  be  constructed  as  follows : 

Take  an  ordinary  glass  tumbler  and 
cut  a  square  piece  of  wood  large  enough 
to  cover  the  glass  as  shown  in  Fig.  it- 
Obtain  four  pieces  of  electric  light  car- 
bon and  if  there  is  any  copper  on  them 
remove  it  all  with  nitric  acid  with  the 
exception  of  a  little  at  one  end.  Next 
stand  the  glass  on  the  board,  inverted, 
and  draw  the  outline  of  the  glass  on 
the  board  with  a  pencil.  Then  mark 
the  board  as  shown  in  Fig.  2,  which  will 
give  you  the  location  of  the  holes  (c,  c, 
c,  c).  These  holes  are  to  be  bored  just 
large  enough  to  receive  the  carbons. 
The  carbons  should  be  even  with  the 
top  of  board  and  should  not  touch  the 
bottom  of  glass.  The  carbons  are  con- 
nected by  a  wire  which  is  held  in  place 
bv   four   wood   screws   as    shown.      The 
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other  element  is  zinc  and  you  should  use 
a  plate  of  zinc  about  one-fourth  of  an 
inch  thick,  one  inch  wide  and  about  2V2 
inches  long.  The  best  way  to  make  this 
zinc  strip,  is  to  melt  some  zinc  chips  or 


shavings  in  a  tin  cover  or  casing  of 
about  the  right  size.  Then  a  piece  of  in- 
sulated copper  wire  should  be  "skinned" 
at  the  end,  and  the  end  bent  into  the 
shape  of  a  hook.  This  wire  should  be 
placed  in  the  melted  zinc  in  such  a  way 
that  when  the  zinc  plate  is  cold  it  may. 
be  suspended  by  means  of  the  wire.  As 
shown  in  Fig.  1,  a  small  hole  should  be 
bored  in  center  of  the  board  and  the  wire 
passed  through  this  hole  after  the  zinc 
has  become  cold  and  hard.  The  zinc 
plate  must  not  touch  the  carbon  rods. 
Wedges  may  be  driven  in  hole  around 
the  wire  which  will  make  it  more  secure. 
This   completes   the   construction  of  the 
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cell   and  we  are  now   ready   for  the  so- 
lution. 

You  will  have  to  purchase  two 
ounces  of  sulphuric  acid  and  seven 
ounces  of  bichromate  of  potash.  When 
you  have  obtained  the  above,  meas- 
ure out  six  ounces  of  water  and 
add  the  sulphuric  acid.  The  mixture 
will  become  quite  warm  and  should  be 
allowed  to  cool.  Then  dissolve  the  bi- 
chromate of  potash  in  four  ounces  of 
boiling  water.  This  solution  may  now 
be  added  to  the  acid  and  allowed  to  cool. 
When  cold,  pour  enough  of  the  solu- 
tion into  the  tumbler  to  fill  it  within 
one  and  one  half  inches  of  the  top.  Next 
place  the  cover  with  carbons  and  zinc 
plate  attached  on  top  of  the  glass.  The 
cell  is  now  ready  for  use  and  should 
appear  as  in  Fig.  1.  The  wires  (A)  and 
(B)    are    the    terminals    and    the    same 
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connections  as  you  would  use  with  any 
other  cell  should  be  made.  When  not  in 
use  the  cover  should  be  removed  and 
the  elements  thoroughly  cleaned  with 
hot  water.  The  solution,  when  not  in 
use,  should  be  kept  in  a  corked  bottle. 


ELECTROMAGNETIC  TOY  ENGINE. 

Boys  who  have  access  to  a  fairly  well 
equipped  workshop  will  find  that  an  elec- 
tromagnetic engine  is  not  hard  to  con- 
struct. The  one  illustrated  in  the  accom- 
panying cut  is  a  patented  device,  but  by 
studying  its  construction  carefully  some 
valuable  ideas  as  to  the  method  of  pro- 
cedure in  constructing  a  similar  one  may 
be  gained. 

The  toy  consists  of  a  main  frame  with 
two  electromagnets  suspended  from  the 
top.  These  might  be  two  electromagnets 
from  an  ordinary  doorbell.  The  iron 
cores  of  the  magnets  extend  downward 
some  distance  and  between  them  is 
mounted  a  fly  wheel  as  seen  in  the  cut. 
This  fly  wheel  carries  on  each  side  four 
armature  pieces  of  soft  iron  which  pass 


close  to  the  cores  of  the  magnets  as  the 
wheel  revolves. 

The  magnet  coils  of  the  electromagnets 
are  connected  with  a  dry  battery.  Cur- 
rent comes  from  the  battery  to  the  termi- 
nal (m)  up  an  insulated  wire  to  the  coils, 
through  the  coils  to  the  iron  frame  on  the 
other  side,  down  the  frame  to  the  axle  of 
the  fly  wheel  to  one  of  the  four  iron  pegs 
(O),  and  through  the  steel  spring  (V)  to 
the  other  terminal  of  the  battery. 

It  will  be  seen  that  the  coils  are  in 
circuit  as  long  as  the  steel  spring  is 
against  one  of  the  four  pegs,  and  there- 
fore the  magnets  exert  a  strong  pull  on 
the  armature  mounted  on  the  wheel  which 
is  nearest  the  magnet  pole  pieces  at  the 


time.  When  the  steel  spring  leaves  a  peg 
the  current  is  broken  and  the  magnets 
exert  very  little  pull  until  the  next  peg 
comes  under  the  spring  and  closes  the 
circuit  again. 

By  arranging  the  circuit-making  pegs 
on  the  wheel  in  the  proper  position,  the 
electromagnets  may  be  made  to  give  a 
series  of  pulls,  one  for  each  armature 
projection  as  it  gets  near  the  pole  pieces 
of  the  magnets.  As  each  armature 
leaves  the  pole  pieces  on  the  other  side 
the  circuit  is  broken  by  the  spring  leav- 
ing the  peg.  The  circuit  is  not  made 
again  till  the  next  armature  comes  near 
the  pole  pieces  and  the  next  peg  closes 
the  circuit.  In  this  manner  the  wheel 
may  be  made  to  revolve  rapidly.  For 
the  sake  of  variety  gear  wheels  may  be 
added  as  shown  in  the  cut. 


HOW  TO  CONSTRUCT  A  SHOCKING  COIL. 

Parts  needed  for  a  simple  shocking 
coil  can  all  be  made  at  home  with  the 
exception  of  the  wire  which  will  not 
cost  over  fifty  cents.  The  coil  complete 
consists  of  the  following  parts :  Iron 
wire  core,  primary  winding,  secondary 
winding,  two  wood  ends,  and  vibrator. 

The  iron  wire  core  can  be  made  from 
soft  annealed  iron  wire  such  as  is  sold  by 
all  hardware  stores,  the  size  should  be 
No.  22  or  smaller.  The  wire  is  first  cut 
in  lengths  of  3^  inches,  a  sufficient 
amount  being  cut  to  form  a  bundle  cl- 
inch in  diameter. 

The  primary  winding  is  wound  over 
the  completed  core.  Two  layers  of  Xo. 
22  single  silk-coated  wire  are  used,  be- 
ing wound  on  continuously  from  end  to 
end  and  leaving  ^4-inch  space  at  each 
end,  for  insertion  in  the  wood  supports. 
The  wire  should  be  wound  on  closely 
and  evenly  as  possible,  although  any 
slight  irregularities  will  not  hurt  in  this 
size  coil.  About  four  layers  of  good 
strong  typewriter  paper  are  wrapped  on 
over  the  primary  winding  and  glued 
down  with  shellac  glue. 

The  secondary  winding  of  thin  wire 
is  composed  of  a  large  number  of  lay- 
ers. For  this  we  will  need  two  ounces 
of  Xo.  30  double  silk  coated  magnet 
wire  wound  on  over  the  primary  wind- 
ing continuously  as  in  ease  of  the  prim- 
ary.     The     winding     operation     can    he 
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greatly  facilitated  by  providing  a  sim- 
ple winding  machine,  the  work  will  also 
be  much  nicer  than  by  hand,  which 
proves  very  tedious.  This  machine  may 
be  rigged  up  as  the  ingenuity  of  the  ex- 
perimenter may  suggest.  When  the  sec- 
ondary wire  has  been  wound  the  whole 
coil  is  dropped  in  a  pot  of  boiling  para- 
fine  wax.  This  is  necessary  or  the  coils 
would  not  have  insulation  enough  from 
one  another.  It  also  helps  to  hold  the 
secondary  in  shape.  The  boiling  is  con- 
tinued until  all  bubbles  cease  to  appear 
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at  the  top,  the  parts  can  now  be  taken 
out  and  laid  aside  to  dry. 

The  coil  ends  or  supports  can  be  made 
out  of  wood,  hard  rubber  or  ebonite.  If 
wood  is  used  it  should  be  stained  to  a 
dead  black  which  much  resembles  ebon- 
ite. The  ends  can  be  sawed  round  or 
square,  the  round  ends,  however,  look 
much  better.  The  size  should  be  i%- 
inch  in  diameter  and  %. -inch  thick  with 
a  T4-inch  hole  drilled  in  the  center.  The 
ends  are  now  fitted  on  the  core  and 
should  make  an  exact  fit.  The  parts  are 
now  mounted  on  a  neatly  finished  wood 
base  four  by  six  inches  in  area  and 
J/2-mch  thick.  Screws  can  be  run  from 
the  under  side  which  will  engage  the 
coil  ends  and  fit  tightly  to  the  base. 

Parts  which  go  to  make  up  the  vi- 
brator can  be  picked  up  by  any  boy 
around  his  shop,  with  the  probable  ex- 
ception of  the  platinum  which  can  be  se- 
cured by  breaking  a  burnt-out  incan- 
descent bulb  and  taking  out  the  lead-in 
wires. 

Before  taking  up  the  construction  of 
the  vibrator  we  had  best  study  out  the 
operation    which    is    fully    explained    by 


the  plan  in  Fig.  i.  Here  we  have  a  view 
of  the  coil  with  the  primary  and  second- 
ary shown.  When  the  key  at  (G)  is 
closed  the  battery  current  flows  around 
the  core  ( H ) ,  through  the  two  layers  of 
primary  wire.  In  flowing  around  this 
core  the  current  changes  it  into  a  state 
of  magnetism,  and  it  will  in  this  state 
attract  iron  objects  such  as  tacks,  etc. 
This  fact  is  taken  advantage  of  and  a 
small  iron  disk  (C)  is  pivoted  right  be- 
hind the  core  by  a  small  brass  spring- 
(D)  which  is  screwed  fast  to  a  bind- 
ing post  (B). 

A  second  contact  post  is  also  provided 
at  (A)  through  which  the  battery  cur- 
rent completes  the  circuit.  If  the  key  at 
(G)  is  closed  the  current  flows  around 
the  core  through  the  primary  winding, 
thereby  setting  up  a  state  of  magnetism 
which  attracts  the  soft  iron  disk  (C). 
When  the  disk  flies  forward  the  contacts 
are  broken  at  (E).  As  no  current  then 
flows  the  magnetism  ceases  to  exist  and 
allows  the  hammer  to  fly  back  only  to 
make  connection  and  be  attracted  again. 
It  is  this  rapid  "make  and  break"  of  the 
current  which  will  cause  a  smart  shock 
to  be  felt  by  grasping  the  metal  handles 
(K)  leading  to  the  secondary  terminals. 
While  there  is  no  actual  connection  be- 
tween the  first  and  second  windings,  yet 
a  current  is  set  up  in  the  secondary 
when  the  vibrator  starts  in  operation, 
which  is  of  higher  voltage  than  that  in 
the  primary  coil.     This  is  due  to  what 
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is  known  as  inductance,  and  therefore 
the  coil  is  often  called  an  induction  coil. 
For  the  actual  construction,  the  parts 
given  below  are  required.  A  brass 
binding  post  shown  at  (A),  Fig.  I  is  re- 
quired. This  is  one  inch  in  height  with 
holes  threaded  through  the  center  y%- 
inch  from  the  bottom.  The  soft  iron 
disk  (C)  may  be  either  round  or  square 
and  ^4-inch  in  diameter  3/16-inch  thick. 
This   disk   is   soldered  or  screwed  to   a 
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strip  of  thin  spring  brass  ^-inch  wide 
and  one  inch  long.  Through  the  oppo- 
site end  of  the  strip  a  hole  is  drilled  and 
the  strip  is  screwed  to  the  post  (B)  at 
the  screw  hole  ^-inch  from  the  bottom. 
A  small  piece  of  the  platinum  wire  is 
hammered  flat  and  soldered  in  the  mid- 
dle of  the  brass  spring,  this  is  shown  at 
(E),  Fig.  i.  Through  the  binding  post, 
a  large  thumb  screw  is  run.  In  the  end 
of  this  screw  is  placed  a  small  platinum 
contact  which  touches  the  platinum  as 
placed  on  the  brass  spring.  The  vi- 
brator is  now  ready  to  be  mounted 
which  is  done  according  to  the  plan  as 
given  in  Fig.  2. 

The  connections  are  all  as  shown  in 
Fig.  i,  and  the  wires  connecting  the  dif- 
ferent parts  may  mostly  be  run  in 
grooves  in  the  bottom  of  the  base  board. 
To  start  the  vibrator  some  little  adjust- 
ment will  be  necessary ;  first  screw  up 
the  thumb  screw  until  it  touches  the  plati- 
num contact  on  the  spring.  If  the  bat- 
tery is  connected  the  vibrator  should 
now  start  in  operation  with  a  buzzing 
noise.  By  turning  the  screw  we  can 
secure  almost  any  desired  adjustment. 


ELECTRIC  ALARM  CLOCK. 

A  common  alarm  clock  can  easily  be 
made  to  ring  an  electric  bell  instead  of 
the  regular  alarm.  The  apparatus  nec- 
essary to  make  this  change  consists  of 
the  following  articles :  An  electric  bell, 
two  dry  batteries,  a  switch,  a  few  feet 
of  bell  wire  and  a  little  insulating  tape. 

The  above  apparatus  is  to  be  connect- 
ed as  in  the  diagram :  Where  ( B )  is 
the  bell,  (C)  the  dry  batteries,  (S)  the 
switch,  and  (G)  the  gap  in  which  the 
alarm  clock  is  connected.  This  gap 
must  be  closed  when  the  alarm  is  released 
and  opened  when  it  is  not  time  for 
alarm  to  go  off.  It  is  therefore  neces- 
sary to  put  an  attachment  on  the  clock 
which  will  open  or  close  the  gap  as  de- 
sired. 

The  easiest  way  to  do  this  is  as  fol- 
lows. Cut  off  two  lengths  of  bell  wire, 
each  about  a  foot  long.  Wrap  some  in- 
sulating tape  on  one  end  of  each  piece. 
Then  turn  the  alarm  key  on  the  back 
of  the  clock  about  five  times,  so  as  to 
wind  the  alarm  a  little.     The  insulated 


ends  may  then  be  fastened  to  this  key, 
one  on  each  side.  The  insulation  should 
then  be  removed  for  a  space  of  about 
five  inches,  starting  a  little  way  from 
the  place  where  wires  are  fastened.  The 
other  ends  of  the  wires  must  now  be 
fastened  securely  to  a  wall  or  block  of 
wood  far  enough  away  from  the  clock 
to  prevent  the  wires  from  sagging  and 
thereby  coming  into  contact  with  each 
other.  The  wires  should  be  fastened 
about  one  inch  apart.  To  connect  the 
clock  in  the  circuit  it  is  only  necessary 
to  connect  a  wire  to  each  of  the  open 
points  and  to  the  bare  wires  on  the 
clock.  This  completes  the  work  and  if 
you  have  done  everything  correctly  the 


electric  bell  will  not  ring  until  the  wires 
are  twisted  together  by  the  alarm  key, 
wrhich  turns  around  as  the  alarm  goes 
off.  The  bell  may  be  stopped  by  open- 
ing the  switch,  or,  if  you  have  no 
switch,  the  same  thing  can  be  done  by 
removing  a  connection  from  the  bat- 
teries or  bell.  When  you  wish  to  set 
the  alarm,  the  key  must  be  turned  un- 
til the  wires  are  not  twisted.  Then 
close  the  switch  or  replace  any  connec- 
tions you  may  have  removed. 

A  neat  way  to  set  up  the  apparatus  is 
to  make  a  box  large  enough  to  hold  the 
batteries.  A  cover  should  be  fastened 
on  with  hinges.  The  clock  may  be 
mounted  on  the  cover  anil  the  wires 
fastened  to  the  end  of  the  box.  The  bell 
may  be  screwed  on  one  side  of  the  box 
and  the  switch  on  another  side.  The 
wires  from  the  batteries  may  be  brought 
out  through  holes  in  the  box  to  make 
connection  with  the  bell,  switch,  and 
clock.  You  will  then  have  the  ap 
ratus  in  compact  form. 


NEW  ELECTRICAL  INVENTIONS. 


WIRELESS  TELEGRAPH  ANTENNA. 
The  picture  shown  herewith  is  not  an 
illustration  of  a  kite  although  it  has  the 
appearance  of  being  one.  The  device  is 
the  antenna  for  a  wireless  telegraph  sys- 
tem and  is  the  invention  of  Mr.  Sewall 
Cabot  of  Brookline,  Mass.  The  term 
antenna,  as  applied  to  wireless  telegraph 
systems,  has  reference  to  the  conductor 
which    is    used    to    radiate    the    invisible 


electric  waves  through  space  from  the 
sending  station  and  also  to  collect  them 
at  the  receiving  station.  The  antennae  of 
most  wireless  systems  consist  of  one  or 
more  wires  carried  up  vertically  to  a 
great  height.  In  the  case  of  Mr.  Ca- 
bot's invention,  however,  the  antenna 
consists  of  a  triangular  shaped  wire  net 
suspended  from  three  poles  in  a  plane 
parallel  to  the  surface  of  the  earth.  From 
this  net,  wires  are  carried  down  to  the 
telegraph  instruments. 

Wire  net  antennae  have  been  tried  be- 
fore this  but  Mr.  Cabot  has  improved 
the  idea  by  cutting  out  the  central  por- 
tion of  the  net,  which  he  has  found  to 
play  very  little  part  in  sending  or  re- 
ceiving the  waves.  He  thereby  reduces 
the  cost  of  construction. 


ELECTRIC  KETTLE. 

Appreciation  of  the  advantages  of  elec- 
tricity for  domestic  purposes  is  by  no 
means  confined  to  the  United  States,  al- 
though this  country  is  the  most  lavish 
consumer  of  electric  current.  Here  is 
an  Australian,  Mr.  David  Curie,  of  Kal- 
goorlie,  who  has  patented  an  electric  tea- 
kettle. The  accompanying  diagram  shows 
the  construction,  which  embodies  an  air- 
tight and  water-tight  chamber  for  the 
electric  resistance  coil  which  furnishes 
the  heat. 

The  kettle  is  rectangular  in  cross  sec- 
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tion,  and  two  heating  coils  are  provided, 
only  one  of  which  is  shown  in  the  illus- 
tration. The  coils  extend  nearly  across 
from  one  side  of  the  kettle  to  the  other 
and  the  case  in  which  they  are  contained 
has  a  large  heating  surface.  Since  the 
case  containing  the  coil  is  entirely  con- 
tained within  the  liquid  to  be  heated,  no 
heat  can  escape  except  into  the  liquid. 


EXTRACTING  METALS  BY  ELECTROLYSIS. 

Electrolytic  processes  for  obtaining 
metals  from  solutions  are  now  quite 
commonly  used.  Copper,  for  instance, 
is  recovered  from  solutions  of  copper 
sulphate  by  electrolysis.  The  copper  sul- 
phate solution  is  placed  in  a  tank  togeth- 
er with  two  electrodes.  An  electric  cur- 
rent is  then  passed  from  one  electrode  to 
the  other  through  the  solution,  and  in 
its  progress  extracts  the  copper  from  the 
solution  and  deposits  it  on  one  of  the 
plates  in  the  metallic  form.  The  principle 
is  the  same  in  an  electroplating  outfit. 

In  extracting  some  metals  from  solu- 
tion of  their  salts,  however,  it  is  neces- 
sary to  heat  the  solution  to  a  high  tem- 
perature, in  some  cases  as  high  or  higher 
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than  the  melting  point  of  the  metal  to 
be  recovered.  The  metal  would,  there- 
fore rapidly  oxidize,  or  burn  up,  if  it 
were  to  come  in  contact  with  the  atmos- 
phere. 

The    electrolytic    apparatus    shown    in 


diagram  will  recover  such  metals  without 
loss  and  is  the  invention  of  George  O. 
Seward  and  Franz  von  Kiigelgen  of 
Holcombs  Rock,  Va. 

In  the  diagram,  (A)  is  the  tank  con- 
taining the  solution.  One  of  the  elec- 
trodes (B)  comes  up  through  the  bottom 
of  the  tank  and  the  other  electrode  (CC) 
is  circular  in  form  and  extends  around 
the  upper  part  of  the  tank  and  is  insulat- 
ed therefrom. 

Current  passing  through  the  solution, 
or  electrolyte,  as  it  is  called,  heats  the 
latter  sufficiently  to  keep  it  in  the  molten 
state.  This  current  also  separates  the 
metal  from  the  electrolyte,  and  the  very- 
small  particles  of  metal  rise  and  collect 
on  the  ring  (E).  This  eventually  forms 
a  cake  of  the  metal,  which  is  grad- 
ually raised  by  the  weight  and  pulleys 
as  the  deposit  continues  to  collect  on  the 
under  surface.  It  will  be  seen,  therefore, 
that  the  deposit  occurs  alwavs  under  the 


surface  of  the  electrolyte  and  out  of  con- 
tact with  the  air,  so  that  oxidation  can- 
not take  place.  The  tubes  fbbj  leading 
to  the  ring  (E)  have  a  constant  circula- 
tion of  cold  water  through  them,  as  doe-. 
also  the  compartment  (D),  so  that  the 
electrodes  are  kept  at  a  comparaiively 
low  temperature. 

The  above  process  is  used  for  extract- 
ing those  metals  and  alloys,  such  as  cal- 
cium, which  are  lighter  than  their  molten 
electrolytes  and  which  will  rise  and  col- 
lect on  the  upper  electrode,  as  shown  in 
the  illustration. 


LIGHTNING  PROTECTOR  FOR  TREES. 

Mr.  J.  P.  A.  Anderson  of  Madrid,  la., 
is  the  inventor  of  an  ingenious  method  of 
protecting  trees  from  lightning.  It  is  ob- 
vious that  the  expense  would  be  too  great 
to  permit  of  the  broadcast  use  of  the  de- 
vice, but  there  are  many  shade  trees  that 
are  so  highly  valued  that  almost  any  pre- 


cautionary steps  would  gladly  be  taken. 

This  unique  lightning  rod  consist-  of 
a  flexible  copper  rod  or  copper  cable 
which  is  run  up  from  the  ground  and 
branched  out  to  the  larger  limbs  of  the 
tree.  The  branch  conductors  are  attached 
to  the  main  conductor  by  special  clamp- 
ing- devices,  and  the  ground  is  made  by 
driving  a  heavy  metal  pipe  into  the  earth 
and  bolting  the  main  conductor  to  the 
pipe. 


QUESTIONS  AND  ANSWERS. 

Readers  of  Popular  Electricity  are  invited  to  make  free  use  of  this  department.  Knowl- 
edge on  any  subject  is  gained  by  asking  questions,  and  nearly  everyone  has  some  question 
he  would  like  to  ask  concerning  electricity.  These  questions  and  answers  will  be  of  interest 
and  benefit  to  many  besides  the  one  directlv   concerned. 


WHEN  IS  A  CELL  POLARIZED? 

Question. — What  is  meant  when  a  battery 
cell  is  said  to  be  "polarized"? — A.  A.  E. 

Answer. — A  cell  is  said  to  be  polarized 
when  so  many  hydrogen  bubbles  cling  to 
the  copper  plate  that  the  current  of  the 
cell  is  diminished.  Hydrogen  is  one  of 
the  products  arising  from  the  chemical 
combination  of  the  sulphuric  acid 
(H2S04)  and  the  copper  plate.  It  is  a 
poor  conductor  of  electricity  and  there- 
fore insulates  the  surface  of  the  plate  to 
which  the  bubbles  cling.  The  hydrogen 
also  tends  to  recombine  with  the  acid  in 
the  cell,  which  action  gives  rise  to  what 
is  called  counter  electromotive  force, 
that  is,  an  electrical  force  opposite  to  that 
generated  by  the  cell.  This  counter  or 
"back  force"  weakens  the  current  of  the 
cell. 


HOW  TO  READ  A  WATTMETER. 

Question. — How  do  you  read  a  wattmeter 
and  tell  how  much  current  is  consumed  each 
month?— W.  H.  W. 

Answer. — Electricity  is  measured  in 
kilowatt  hours.  At  the  top  of  the  meter 
are  located  the  four  dials,  as  shown  in 
the  cut.  The  dial  at  the  left  measures 
the  ten  thousands  of  kilowatt  hours,  the 
second  dial  from  the  left,  the  thousands, 
the  third  dial  the  hundreds,  and  the 
fourth  the  tens.  Now  suppose  that  you 
wish  to  find  how  much  current  is  con- 
sumed in  a  month,  and  that  the  dials  at 
the  beginning  stand  as  shown  in  the  cut. 
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KILOWATT  HOURS 

In  reading  the  dials  it  will  be  seen  that 
less  than  10,000  kilowatt  hours  are  regis- 
tered as  the  pointer  on  the  first  dial  at 
the  left  stands  between  o  and  I.  Look- 
ing at  the  next  dial  the  pointer  stands  be- 


tween i  and  2,  so  that  there  are  over 
1,000  kilowatt  hours  and  under  2,000 
registered.  Looking  at  the  third  dial 
the  pointer  is  between  5  and  6,  so  there 
are  so  far  a  little  over  1,500  kilowatt 
hours  registered.  The  amount  over  is 
registered  on  the  tens  dial,  and  as  the 
pointer  stands  on  8  this  dial  reads  80. 
The  complete  reading  is  therefore  1,580 
kilowatt  hours.  This  is  at  the  beginning 
of  the  month.  At  the  end  of  the  month 
read  the  meter  again  in  the  same  manner. 
Suppose  the  reading  is  2,340.  The  differ- 
ence between  the  two  readings  is  760 
kilowatt  hours,  the  amount  used  during 
the  month.  The  difference  between  any 
two  readings  of  the  wattmeter  gives  the 
amount  of  current  consumed  during  the 
time  elapsed  between  the  two  readings. 


ELECTRIC  HEATING. 

Question. — How  does  an  electric  cooking 
utensil,  electric  curling  iron  or  other  similar 
device  derive  its  heat  from  electric  current? 
— R.  S. 

Answer. — All  electrically  heated  de- 
vices of  this  nature  derive  their  heat 
from  what  are  called  resistance  coils. 
These  consist  of  coils  of  iron,  German 
silver  or  platinoid  wire  small  enough  in 
cross  section  to  present  a  high  resistance 
to  the  electric  current.  As  the  current  is 
forced  through  these  coils  a  large 
amount  of  energy  is  required  to  do  the 
work,  which  energy  is  dissipated  in  the 
form  of  heat,  just  as  heat  is  generated  bv 
friction.  The  same  effect  is  readily 
noticeable  in  an  incandescent  lamp.  The 
filament  presents  a  high  resistance  to  the 
current  and  is  consequently  heated  to  in- 
candescence. 


ELECTRICAL  WANTS. 

Readers  of  Popular  Electricity  who  are 
in  need  of  any  particular  electrical  de- 
vice and  do  not  know  where  it  may  be 
obtained  can  secure  the  necessary  infor- 
mation by  writing  to  this  magazine. 
Such  information  will  be  gladly  given  at 
any  time. 
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A  shade  bustled  up  to  St.   Peter. 

"My  good  man,"  he  said,  "will  you  tell  me 
where  I  must  go  to  procure  souvenir  post- 
cards?" 

And  St.  Peter,  eyeing  him  sourly,  told  him 
where  he  could  go  to. — The  Publisher  and  Re- 
tailer. 

*     *     * 

"How  did  you  come  to  get  mixed  up  in  this 
altercation?"    asked   the   prosecutor. 

"Oi  didn't  come  to  git  mixed  up  in  it,"  an- 
swered Pat;  "Oi  come  to  collect  a  bill  av  foor 
dollars  an'  twinty-siven  cints." — Sis  Hopkin's 
Own   Book. 


On  Saturday  night  Brown  was  arrested  for 
running  his  automobile  without  the  rear  lights 
burning.  Sunday  he  sang  in  a  prominent 
church.  In  Monday's  paper,  in  the  police  court 
news,  it  was  noted  that  Brown  was  fined  $5  for 
not  having  his  rear  lights  lit,  while  the  church 
notes  contained  a  more  cheerful  item  to  the  ef- 
fect that  Mr.  Brown  sang  "The  Lord  Is  My 
Light." 


"The  carriage  waits  without,  my  lord." 

"Without  what,  gentle  sir?" 
"Without  the  left-hand  running-board, 

Without  the  French  chauffeur. 
Without  a  drop  of  gasoline, 

Six  nuts,  the  can  of  oil, 
Four  pinions,  and  the  limousine, 

The  spark  plug,  and  the  coil, 
Without  the  brake,  the  horn,  the  clutch, 

Without  the  running-gear. 
One  cylinder — it  beats  the  Dutch 

How  much  there  isn't  here! 
The  car  has  been  repaired,  in  fact, 

And  you  should  be  right  glad 
To  find  that  this  much  is  intact 

Of  what  your  lordship  had. 
The  garage  sent  it  back,  my  lord, 

In  perfect  shape  throughout; 
So  you  will  understand,  my  lord, 

Your  carriage  waits   without." 

— Harvard  Lampoon. 


Little  Edna — "What  is  'leisure,'   mamma?" 
Mamma — "It's    the    spare   time   a    woman    has 

in  which  she  can   do   some   other  kind   of  work, 

my   dear." 


Lady:  Mr.  Conductor,  could  I  get  a  shock 
if  I  put  my  foot  on  the  rail? 

The  Conductor:  Yes,  mam,  if  you  put  the 
other   foot   on   the   trolley. 


A  first  grade  boy  brought  perfect  spelling 
papers  home  for  several  weeks  and  then  sud- 
denly  began   to  miss   five   or   six   out  of  ten. 

"How's    this,    son?"    asked    his    father. 

"Teacher's   fault,"    replied   the   boy. 

"How    is    it   the    teacher's   fault?" 

"She  moved  the  little  boy  that  sat  next  to 
me." 


Ambling  Ike:  Lady  will  you  please  give  me 
something    to    eat? 

Lady:     What    kind    of   work    can   you   do? 

Ambling  Ike:  I  am  a  lineman  for  a  wireless 
telegraph    company. 


Millionaire  at  Telephone — "Who  is  that  talk- 
ing? Central  Hospital  did  you  say?  What  my 
son  taken  there  this  afternoon,  and  brain  fever? 
Oh,   no,   that  isn't  my  son." 


Voice  at  Other  End— "Hello!  Hello!  Miss 
Emily?     Will  you  marry  me?" 

Miss  Lastchance — "Yes.  yes!  Who  is  this. 
please?" 

In  order  not  to  expose  his  ignorance  the 
schoolboy  gave  an  ambiguous  reply  when  asked 
in  examination:  "Which  was  the  greater  gen- 
eral, Caesar  or  Hannibal?"  The  boy  answered: 
"If  we  consider  who  Caesar  and  Hannibal  were 
and  ask  ourselves  which  of  them  was  the  great- 
er we  must  unhesitatingly  answer  in  the  affirm- 
ative." 


A  fisherman  who,  although  a  deacon  in  the 
church,  sometimes  allowed  his  imagination  to 
carry  him  to  extraordinary  lengths  in  telling  of 
the  weight  of  the  fish  he  had  caught,  was  cau- 
tioned in  this  matter  by  his  pastor.  So  he  de- 
cided that  on  his  next  expedition  he  would  in- 
clude in  his  outfit  a  pair  of  scales  and  a  note 
book,  so  that  he  could  bring  back  conclusive 
proof  to  show  the  Doubting  Thomases.  Just  be- 
fore he  started  on  his  next  trip  there  was  a  new 
arrival  in  the  family  and  the  fish  scales  wore 
secured  to  weigh  the  new  baby.  To  the  horror 
of  all  concerned  and  to  the  utter  humiliation  of 
the  deacon  the  infant  was  found  to  weigh  17 
pounds. 


As  Jones  staggered  home  very  early  one 
morning  he  paused  for  a  moment  to  rest  his 
aching  head  against  the  iron  frame  surrounding 
a  tree.  When  he  decided  to  proceed  upon 
another  section  of  his  journey  he  grasped  the 
liars  and  cautiously  felt  his  way  completely 
around  the  outside  of  the  frame.  Then  he  was 
seized  with  a  horrible  feeling  of  despair  and 
sank  to   the  earth  with  a  groan — •"Locked  in!*' 


When    a     woman    st; 
once    ceases    to    be    idU 


an    idle    rumor   it    at 


ELECTRICAL  DEFINITIONS. 


Alternating  Current. — That  form  of 
electric  current  the  direction  of  flow  of 
which  reverses  a  given  number  of  times 
per  second. 

Ampere. — Unit  of  current.  It  is 
the  quantity  of  electricity  which  will 
flow  through  a  resistance  of  one  ohm 
under  a  potential  of  one  volt. 

Anode. — The  positive  terminal  in  a 
broken  metallic  circuit ;  the  terminal 
connected  to  the  carbon  plate  of  a  bat- 
tery. 

Armature. — That  part  of  a  dynamo 
or  motor  which  carries  the  wires  that 
are  rotated  in  the  magnetic  field. 

Circuit. — Conducting  path  for  electric 
current. 

Circuit-breaker. — Apparatus  for  auto- 
matically opening  a  circuit. 

Commutator. — A  device  for  chang- 
ing the  direction  of  electric  currents. 

Condenser. — Apparatus  for  storing  up 
electrostatic   charges. 

Direct  Current. — Current  flowing  con- 
tinuously in  one  direction. 

Efficiency. — Relation  of  work  done  by 
a  machine  to  energy  absorbed. 

Electrode. — Terminal  of  an  open 
electric  circuit. 

Electrolysis. — Separation  of  a  chemi- 
cal compound  into  its  elements  by  the  ac- 
tion of  the  electric  current. 

Electromagnet. — A  mass  of  iron  which 
is  magnetized  by  passage  of  current 
through  a  coil  of  wire  wound  around  the 
mass  but  insulated  therefrom. 

Field  of  Force. — The  space  in  the 
neighborhood  of  an  attracting  or  repell- 
ing mass  or  system. 

Fuse. — A  short  piece  of  conducting 
mate-rial  of  low  melting  point  which  is 
inserted  in  a  circuit  and  which  will  melt 
and  open  the  circuit  when  the  current 
reaches  a  certain  value. 

Galvanometer. — Instrument  for  meas- 
uring current  strength. 

Inductance. — The  property  of  an  elec- 
tric circuit  by  virtue  of  which  lines  of 
force  are  developed  around  it. 

Insulator. — Any  substance  impervious 
to  the  passage  of  electricity. 

Kilowatt. — 1,000  watts.      (See  watt.) 

Kilowatt-hour. — One  thousand  watt 
hours. 


Leyden  Jar. — Form  of  static  condenser 
which  will  store  up   static  electricity. 

Motor-generator. — Combined  motor 
and  generator  for  changing  alternating 
to  direct  current  or  vice  versa. 

Multiple. — Term  expressing  the  con- 
nection of  several  pieces  of  electric  ap- 
paratus in  parallel  with  each  other. 

Ohm. — The  unit  of  resistance.  It  is 
arbitrarily  taken  as  the  resistance  of  a 
column  of  mercury  one  square  milli- 
meter in  cross  sectional  area  and  106 
centimeters  in  length. 

'  Poles. — Terminals  of  an  open  electric 
circuit. 

Potential. — Voltage. 

Relay. — Instrument  for  opening  or 
closing  a  local  circuit,  which  is  oper- 
ated by  impulses  from  the  main  circuit. 

Resistance. — The  quality  of  an  elec- 
trical conductor  by  virtue  of  which  it 
opposes  the  passage  of  an  electric  cur- 
rent. The  unit  of  resistance  is  the 
ohm. 

Series. — Arranged  in  succession,  as 
opposed  to  parallel  or  multiple  arrange- 
ment. 

Shunt. — A  by-path  in  a  circuit  which 
is  in  parallel  with  the  main  circuit. 

Solenoid. — An  electrical  conductor 
wound  in  a  spiral  and  forming  a  tube. 

Spark-gap. — Space  between  the  two 
ends  of  an   electrical   resonator. 

Switch. — Device  for  opening  and 
closing  an  electric  circuit. 

Transformer. — A  device  for  stepping- 
up  or  stepping-down  alternating  current 
from  low  to  high  or  high  to  low  voltage, 
respectively. 

Volt. — Unit  of  electromotive  force  or 
potential.  It  is  the  electromotive  force 
which,  if  steadily  applied  to  a  conductor 
whose  resistance  is  one  ohm,  will  pro- 
duce a  current  of  one  ampere. 

Voltage. — Potential  difference  or  elec- 
tromotive force. 

Watt. — Unit  representing  the  rate  of 
work  of  electrical  energy.  It  is  the  rate 
of  work  of  one  ampere  flowing  under  a 
potential  of  one  volt.  Seven  hundred 
and  forty-six  watts  represent  one  elec- 
trical horse  power. 

Watt-hour. — Electrical  unit  of  work. 
Represents  work  done  by  one  watt  ex- 
pended  for  one  hour. 
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FOLLOWING  A  TELEPHONE  CALL, 


BY    STANLEY    A.    DUVALL. 

PART  II. 


A  MATTER  will  now  be  explained 
that  has  possibly  worried  you  a 
great  deal.  In  the  first  place  you 
must  understand  the  telephone  industry 
in  this  country  is  one  of  the  most  pro- 
gressive in  the  history  of  the  world.  In 
Europe  they  are  using  to-day  the  same 
equipment  that  they  had  in  service  10 
or  15  years  ago;  in  America  the  mod- 
ern telephone  companies,  during  that 
period,  have  thrown  in  the  junk  pile 
millions  and  millions  of  dollars  worth 
of  fairly  good  telephone  apparatus,  good 
enough  for  our  English  cousins  right  at 
this  day,  but  not  good  enough  for 
the  American  telephone  exchange 
companies.  One  of  the  things  that 
has  bothered  the  telephone  users  more 
than  anything  else,  and  also  has 
been  a  source  of  anxiety  and  trouble  to 
the  exchange  managers  in  the  past,  has 
been  the  "busy  signal."  A  few  years 
ago  it  was  customary  for  the  operator, 
when  she  tested  and  found  that  the  line 
you  wanted  was  already  in  use  by  some 
other  subscriber,  to  tell  you  in  the  fol- 
lowing phraseology:  "Theline  is  busy," 
or  "The  line  is  busy,  please  call  again." 
Nine  out  of  10  users  of  telephones 
would  immediately  inquire  "What  did 
you  say?"  Then  the  operator  would 
have  to  repeat  it  again  or  some  "doubt- 
ing Thomases"  would  say  "I  don't  be- 
lieve it,"  and  this  would  be  repeated 
sometimes  four  or  five  times.  Now,  you 
see,  this  was  consuming  a  lot  of  un- 
necessary time  and  was  keeping  the  op- 
erators from  giving  the  proper  atten- 
tion to  their  real  business — that  of  mak- 


ing connections.  Every  time  an  argu- 
ment of  this  kind  was  carried  on  it  sim- 
ply delayed  other  telephone  users  from 
getting  the  service  to  which  they  were 
entitled.  Finally  one  bright  genius  in  a 
large  city  in  the  East  evolved  the  plan 
of  getting  a  phonograph  and  setting  it 
up  and  connecting  it  to  the  main  switch- 
board, then  a  good  stout  lineman  was 
brought  in  and  he  repeated  into  the 
phonograph  over  and  over  again  in 
strong  and  husky  language  "Line  is 
busy,  please  call  again."  Then  each  op- 
erator was  equipped  with  a  special  key 
whereby  she  could  turn  this  torrent  of 
language  onto  the  subscriber's  line 
without  doing  any  talking  herself.  This 
worked  very  nicely  for  the  operators,  as 
it  relieved  them  of  all  this  unnecessary 
conversation  and  allowed  them  to  attend 
to  their  work,  but  it  did  not  entirely 
please  the  telephone  users,  for  no  mat- 
ter what  they  said  they  simply  received 
this  constant  repetition  of  this  phrase 
and  some  of  the  most  impulsive  tele- 
phone users  were  made  exceedingly 
angry.  Finally  the  modern  up-to-date 
little  buzz-buzz  noise  was  adopted,  and 
outside  of  the  erroneous  opinion  held  by 
many  that  this  "busy  signal"  is  given 
falsely  now  and  then,  it  works  in  an  en- 
tirely satisfactory  manner. 

Now,  as  a  matter  of  fact,  it  requires 
more  of  an  effort  on  the  part  of  an  op- 
erator to  give  you  the  "busy  signal" 
than  it  does  for  her  to  make  a  connec- 
tion for  you,  and  here  is  a  clear  explana- 
tion why  this  is  true : 

After  the  operator  has  answered  your 
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call  and  you  have  informed  her  of  the 
number  you  want  (now  remember  here 
at  this  point  that  the  monitor  is  watch- 
ing her  and  has  certain  signals  which 
tell  exactly  what  she  is  doing)  she  picks 
up  the  other  coupling  pin  or  plug  and 
taps  on  the  coupler  that  belongs  to  the 
line  that  you  want.  Now  if  she  gets  a 
certain  signal  when  she  taps  on  this  line, 
which  is  known  as  a  "busy  signal,"  she 
must  return  this  plug  to  its  normal  po- 
sition and  then  turn  the  "busy  signal" 
on  to  your  line  and  keep  up  your  plug 
for  a  few  minutes.  But  now  suppose 
that  when  she  tapped  on  this  coupler 
she  does  not  get  the  "busy  signal."  She 
simply  pushes  the  pin  or  plug  in- 
to the  coupler  and  almost  instan- 
taneously the  ringing  current  is 
turned  on  and  off  of  the  line 
you  want  and  she  has  finished  the  con- 
nection and  is  ready  to  take  up  a  call 
for  someone  else.  Now  does  it  not  ap- 
pear logical  that  it  is  easier  for  her  to 
give  you  the  connection  you  want  than 
to  give  you  the  "busy  signal"?  After 
this,  don't  blame  the  operator  for  giving 
you  the  "busy  signal,"  but  rather  blame 
the  party  you  are  calling  up  for  having 
too  much  business  or  not  having  enough 
telephone  lines  connected  to  his  office. 

You  can,  therefore,  see  the  importance 
of  the  desirability  when  calling  up  an- 
other party  to  limit  your  conversation  to 
that  which  only  is  essential ;  and  you  may 
be  loosing  some  business,  too,  if  you  arc 
unnecessarily  holding  your  line  in  com- 
munication with  some  other  line  upon 
some  trivial  matter. 

A  telephone  in  a  business  man's  office 
or  store  is  just  like  the  door  to  the  store. 
If  the  door  is  blocked  up  by  non-buyers, 
or  anyone  for  that  matter,  customers 
cannot  get  into  your  office  or  store  to 
buy  your  services  or  purchase  your 
goods. 

A  telephone  exchange  is  just  like  a 
railroad.  If  the  railroad  is  congested 
with  useless  traffic  and  carrying  a  large 
amount  of  deadheads  it  is  of  no  real 
service  to  anyone,  and  if  a  telephone  ex- 
change is  loaded  down  with  unnecessary 
messages  it  cannot  do  its  subscribers 
justice.  It  is  a  traffic  proposition  in  both 
cases.  Not  so  many  years  ago  Marshall 
Field  &  Co.  of  Chicago  had  one  tele- 
phone in  their  store,  then  they  decided 


to  get  two,  then  four  were  added, 
and  now  this  same  establishment  has 
over  1,200  lines  in  its  store,  which  are 
connected  to  an  exchange  on  the  top 
floor,  and  this  exchange  has  many  trunk 
lines  connected  to  the  main  exchange. 

But  how  do  the  operators  reach  all 
these  different  lines  that  are  connected 
to  the  switchboard?  You  say  that  the 
plug  and  cord  or  connecting  link  is  only 
six  feet  long,  and  in  this  exchange  we 
were  in,  the  switchboard  was  over  50 
feet  long  with  about  25  operators  work- 
ing at  it.  They  were  all  seated  in  what 
looked  like  office  chairs  and  none  of 
them  ever  left  their  seats  to  make  a  con- 
nection. You  don't  understand  this. 
This  feature  is  accomplished  by  one  of 
the  most  novel  contrivances  ever  invent- 
ed by  man,  and  it  brought  into  play  the 
highest  type  of  ingenuity  of  mechanics. 
Broadly  speaking  it  is  known  as  the 
multiple  switchboard,  and  in  manual  op- 
erated exchanges  of  any  size  over  500 
lines  no  other  system  is  generally  used. 

We  will  now  return  to  the  main 
switchboard.  The  main  switchboard  is 
divided  into  sections  that  are  called  op- 
erators' positions,  and  at  each  position  is 
placed  an  operator.  Of  course  you  un- 
derstand an  operator  has  her  own  tele- 
phone, her  receiver  being  different  than 
yours,  resembling  a  watch  in  design  and 
constantly  held  on  the  operator's  head 
by  a  leather  covered  head  band^  This  is 
done  to  allow  the  freedom  of  both  the 
operator's  hands.  The  transmitter  is 
suspended  in  front  of  her  on  a  cord 
which  drops  from  an  arm  that  is  fast- 
ened on  the  top  of  the  piano-like  switch- 
board case.  Of  course  it  is  only  in  the 
small  exchanges,  and  very  small  ones  at 
that,  that  the  operator  turns  any  crank 
in  order  to  generate  the  current  to  ring 
the  bell.  This  is  all  done  automatically 
by  ringing  machines  that  are  in  the 
power  room  of  the  telephone  exchange. 
In  this  room  are  also  located  the  storage 
batteries  to  furnish  the  power  for  talk- 
ing. The  storage  batteries  only  fur- 
nish direct  current,  and  this  is  the  only 
current  that  can  be  used  for  talking. 
This  battery  also  furnishes  the  current 
for  lighting  the  signal  lamps.  Then 
there  is  a  machine,  a  motor  and  dynamo 
combined,  for  charging  the  storage  bat- 
tery, also  another  little  machine  to  give 
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us  the  buzz-buzz  or  the  busy-back  sig- 
nal, and  of  course  there  are  the  big 
switches  and  meters  for  measuring  cur- 
rents, mounted  in  a  convenient  manner 
upon  a  marble  slab  and  connected  in  the 
proper  manner  to  the  switchboard  and 
all  these  different  electrical  machines 
and  batteries  about  which  we  have  spok- 
en. Then  there  is  the  duplicate  set  of 
all  this  apparatus  lying  idle  and  only 
used  now  and  then  to  be  tested  out,  but 
to  be  used  in  case  of  a  breakdown  of  the 


We  will  now  use  our  railroad  compari- 
son again.  Our  two  wires  come  to  the 
first  jack  which  we  will  say  is  No.  1 
line.  No.  1  line  will,  of  course,  be  on 
the  first  position.  This  line  terminates 
as  we  have  said  in  this  jack,  but  there 
is  a  branch  pair  of  wires  that  is  con- 
nected with  this  jack,  or  say  a  very 
minute  railroad  track,  in  the  shape  of  a 
pair  of  wires,  and  these  wires  run  down 
all  along  the  back  of  a  switchboard  past 
each  operator  and  the  track  at  the  end 
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A  VIEW  OF  THE   BACK  OF  A  MODERN    TELEPHONE  SWITCHBOARD. 
Heie  are  hundreds  of  miles  of  wire,   tens  of    thousands  of  soldered  joints. 


regular  set.  Modern  telephone  engin- 
eers never  take  any  chance.  Their 
watchword  is  always  "as  good  service 
as  is  possible  to  give  at  all  times." 

Now  we  will  go  back  to  our  operator. 
We  have  digressed  from  our  subject  in 
this  last  explanation,  but  now  we  only 
have  to  explain  this  multiple  feature.  As 
we  stated  in  the  first  part  of  this  article, 
each  telephone  line  always  terminates  in 
one  signal  and  a  coupling  device  or 
jack,  but  you  will  notice  we  make  a  dis- 
tinction here,  we  do  not  say  one  jack. 


is  open.  Now  a  little  side  track  is  taken 
off  this  line  which  terminates  in  a  jack 
in  front  of  each  operator  on  the  board. 
Each  one  of  these  jacks  are  numbered 
1,  so  you  see  while  your  line  has  only 
one  signal  and  one  local  jack  it  may 
have  as  high  as  20  other  jacks  which  are 
called  multiple  jacks,  because  they  all 
multiply  as  the  board  grows  longer  or 
as  more  subscribers  or  more  operators" 
positions,  rather,  are  added  to  the 
switchboard.  You  see  these  20  open 
jacks  are  just  like  so  many  branch  side- 
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tracks  from  the  main  line.  Now  the 
question  comes  up:  Suppose  two  or 
more  operators  wanted  to  get  in  on  your 
line  somewhere  along  the  board  and  you 
are  already  talking  to  someone  else. 
Here  is  where  the  "busy"  test  of  the 
operator  comes  in.  As  we  said  before, 
when  the  operator  starts  to  call  the 
party  she  wants  she  picks  up  her  plug 
and  taps  on  the  jack  before  she  pushes 
the  plug  in.  If  she  gets  a  click  in  her 
head  receiver  she  knows  that  your  line, 
No.  i,  is  in  use,  and  she  therefore  re- 
ports it  "busy"  to  the  party  who  has 
called  for  it.  This  device  you  also  see 
allows  only  one  operator  at  a  time  to 
get  on  this  branch  track  of  your  line, 
or  on  any  of  the  multiple  jacks,  for  while 
there  is  a  connection  upon  this  line  any 
operator  testing  on  it,  at  any  place  on 
the  board,  will  get  this  click. 


loaded.  With  three  hatches  open  and 
three  machines  working  together,  with 
better  facilities  for  carrying  the  fruit  to 


UNLOADING  BANANAS  BY  ELECTRIC 
POWER. 

This  interesting  view  shows  how  ba- 
nanas are  unloaded  at  a  large  fruit 
wharf  in  New  Orleans  by  means  of  an 
electrically  operated  conveyor.  The 
equipment  consists  of  a  sort  of  moving 
stairway  operated  by  electric  motors.  It 
is  said  that  at  least  two-thirds  of  the 
ordinary  waste  is  saved  in  this  way, 
since  the  perishable  fruit  can  be  hurried 
to  Northern  and  Eastern  points  with- 
out so  much  delay,  the  bananas  being  un- 
loaded in  one-half  the  time  previously 
required  by  hand  labor. 

This  unloading  plant  is  built  upon  a 
platform  upheld  by  10  trucks.  From  the 
platform  booms  rise,  each  in  the  shape  of 
a  hinge  which  opens  and  shuts.  As  the 
steamship  is  moved  to  the  wharf,  and 
the  hatches  are  opened,  the  hinge  opens 
and  is  lowered  into  the  hold.  Then  the 
carrier  runs  up  perpendicularly  some  40 
feet  and  across  to  the  wharf. 

A  lookout  tower  is  stationed  on  top 
containing  four  levers  for  the  entire  con- 
trol of  the  machine,  which  may  be  oper- 
ated by  one  man.  The  levers  start  or 
stop  the  machine  by  friction  gear,  move 
it  along  the  wharf  when  necessary  and 
hoist  the  main  boom  over  the  deck  of  the 
vessel. 

It  is  stated  that  with  one  hatch  open, 
and  one  machine  in  operation,  40  bunches 
per  minute  or  2,400  per  hour  were  un- 


UNLOADING  BANANAS  BY  ELECTRICITY. 

the  wagons  and  cars,  a  rate  of  80  per 
minute  on  each  carrier  may  be  attained, 
with  a  total  of  nearly  15,000  bunches  un- 
loaded per  hour. 


ELECTRICITY    FOR    THE    SOUTHERN 
PACIFIC. 

E.  H.  Harriman  is  said  to  have  decid- 
ed that  it  is  feasible  to  utilize  the  water 
power  of  the  Sierra  Nevada  and  Siski- 
you mountains  to  generate  electricity  to 
propel  his  trains.  For  over  a  year  Mr. 
Harriman  has  had  men  quietly  at  work 
securing  valuable  water  rights  at  four 
strategic  points  by  means  of  which  he 
expects  to  generate  electric  power  for  the 
movement  of  the  trains  of  the  Southern 
Pacific  on  certain  sections  of  the  road. 
These  rights  are  located  in  the  mountains 
of  Kern  county  east  of  Bakersfield;  in 
Fresno  county,  east  of  Fresno;  in  El- 
dorado county,  on  the  Rubicon  river,  and 
on  the  Klamath  river  in  Siskiyou  county. 
To  develop  these  sources  of  power  an  ex- 
penditure of  at  least  $15,000,000  will  be 
necessary. 
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CORNELL  X-RAY  TUBE. 

Roentgen  or  X-rays  are  widely  used 
in  the  practice  of  medicine,  for  their 
curative  properties  as  well  as  for  the  lo- 
cation of  foreign  objects  which  may  be 
imbedded  in  the  flesh.  In  lesions  and 
local  manifestations  the  local  effect  is 
best  obtained  by  bringing  the  tube  as 
close  as  possible  to  the  part  to  be  treated. 

The  new  Cornell  X-ray  tube,  invented 
by  Dr.  A.  C.  Geyser  of  Cornell  Univer- 
sity, is  one  of  the  latest  developments  of 
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CORNELL  X-RAY  TUBE. 

this  interesting  apparatus.  The  Cornell 
tube,  as  shown  in  the  diagram  herewith, 
is  of  peculiar  shape.  It  is  made  of  lead 
glass  which  prevents  the  escape  of  the 
rays  upon  the  hands  of  the  operator.  The 
rays  can  only  emerge  through  a  flint 
glass  window  which  is  held  directly  on 
the  part  to  be  treated.  A  reflector  of 
platinum  directs  the  rays  downward 
through  this  window. 

The  high  potential  discharge  takes 
place  between  the  electrodes  in  the  in- 
terior of  the  tube,  from  which  the  air  is 
nearly  all  exhausted.  The  theory  of  the 
X-ray  is  that  the  discharge  of  electricity 
within  the  tube  from  electrode  to  elec- 
trode causes  the  few  particles  of  air  left 
in  the  tube  to  bombard  each  other  furi- 
ously and  to  finally  become  ionized,  that 
is,  broken  up  into  particles  smaller  even 
than  atoms.  This  action  gives  off  the 
pale  and  mysterious  rays  known  as  X- 
rays,  which  penetrate  solids,  with  the  ex- 
ception of  metals. 

Dr.  Geyser's  tube  is  also  provided  with 
a  regulator  for  regulating  the  degree  of 
vacuum  in  the  tube.  The  chief  advan- 
tages of  this  form  of  tube  are  that  there 
is  no  danger  to  the  operator,  owing  to 
the   shield   provided   by  the   lead   glass ; 


the  window  from  which  the  rays 
emerge  can  be  brought  in  contact  with 
the  part  to  be  treated,  with  no  layer 
of  air  between,  and  a  convenient  handle 
is  afforded  by  the  peculiar  form  of  the 
tube  so  that  the  patient  may  apply  the 
rays  himself  under  the  direction  of  the 
physician. 

GERMAN  MAGNETIC  SEPARATOR. 

A  novel  and  interesting  type  of  mag- 
netic separator  of  German  design  and 
construction  is  shown  in  the  accompany- 
ing cut.  It  is  operated  by  an  electric 
motor  mounted  in  the  base  of  the  ma- 
chine and  driving  a  countershaft  pulley 
by  belt  transmission. 

The  magnets  used   for  separating  the 
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iron  from  the  sand  or  other  foreign  ma- 
terial are  arranged  on  cylinders  within 
the  machine.  These  cylinders  pick  up 
the  iron  and  deposit  it  in  a  tray  pro- 
vided for  the  purpose.  These  machines 
have  a  capacity  of  sorting  or  collecting 
the  iron  from  [,200  to  15,000  pounds  of 
material  per  hour,  picking  up  iron  pieces 
weighing  up  to  10  or  12  pounds. 
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BY  EDWIN   J.   HOUSTON, 

CHAPTER   III. MULTIPLE-SERIES 

As  we  have  seen  in  the  preceding  chap- 
ters, electric  circuits  can  be  divided  into 
the  two  general  classes  of  series-circuits 
and  multiple  or  parallel  circuits.  In  addi- 
tion to  these.,  there  are  a  great  variety 
of  circuits,  many  of  which  at  first  sight 
appear  to  be  of  an  exceedingly  complex 
character.  A  little  study,  however, 
causes  this  complexity  to  disappear,  and 
permits  them  to  be  divided  into  the  two 
following  classes  of  circuits,  i.  e. : 

(i).     Multiple-series  circuits. 

(2).    Series-multiple  circuits. 

In  a  multiple-series  circuit  a  number 
of  separate  electric  sources,  or  separate 
electroreceptive  devices,  or  both,  are  con- 
nected in  a  number  of  separate  groups  in 
series,  and  these  separate  groups  after- 
wards connected  in  multiple.  Since  a 
multiple  circuit  is    sometimes    called    a 


PH.  D.      ( PRINCETON. ) 
AND    SERIES-MULTIPLE    CIRCUITS. 

The  separate  series  connected  groups 
of  a  multiple-series  circuit,  may  consist 
of  more  than  the  two  lamps  in  each  of 
the  groups  (A),  (B)  and  (C)  of  the 
preceding  figure.  For  example,  Fig.  19, 
(Fig.  129,  p.  376,  Houston  &  Ken- 
nelly's  "Incandescent  Lighting"),  shows 
a  multiple  circuit  of  40  incandescent  elec- 
tric lamps  connected  in  four  separate 
groups  of  10  series-connected  lamps  each, 
that  are  then  connected  in  multiple  across 
the  mains  of  the  dynamo  (D).   This  sys- 
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FIG.    18. 


MULTIPLE-SERIES   CIRCUIT   OF 
INCANDESCENT    LAMPS. 


parallel  circuit,  a  multiple-series  circuit 
is  sometimes  called  a  parallel-series  cir- 
cuit. 

A  multiple-series  circuit  is  represented 
in  Fig.  18.  Here,  the  dynamo  (D)  has 
its  positive  and  negative  brushes  con- 
nected with  the  positive  and  negative 
leads.  Six  incandescent  electric  lamps 
are  connected  in  series  in  three  separate 
groups  (A),  (B)  and  (C),  of  two  lamps 
each,  and  these  groups  are  then  con- 
nected in  multiple  across  the  positive  and 
negative  leads  as  shown.  This  circuit  is 
called  a  multiple-series  circuit  because  it 
consists  of  a  multiple  of  series  connected 
circuits. 
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FIG.   19. 


MULTIPLE-SERIES  OR  MUNICIPAL 
SYSTEM. 


tern  is  generally  known  as  the  municipal 
system  of  series  incandescent  lighting. 
It  is  sometimes  employed  for  the  lighting 
of  houses,  or  other  interiors,  where  some 
of  the  lamps  in  any  of  the  series  cir- 
cuits are  apt,  occasionally,  to  be  turned 
off.  Unless  all  the  lamps  in  any  of  the 
series  groups  are  turned  on  or  off  at 
the  same  time,  the  others  would  probably 
be  destroyed  by  the  passage  of  too  strong 
a  current. 

This  difficulty  would  be  even  more 
pronounced  if  an  attempt  were  made  to 
employ  the  multiple-series  circuit  repre- 
sented in  Fig.  18;  for  here,  if  one  of  the 
lamps  in  any  of  the  separate  groups  (A), 
(B)  and  (C)  is  cut  out,  the  other  lamp 
would  certainly  receive  too  strong  a  cur- 
rent. While  in  point  of  fact,  multiple- 
series  circuits  are  extensively  employed 
for  the  lighting  of  interiors,  yet  it  is  a 
modification  of  the  circuit  shown  in  Fig. 
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18,  that  is  so  employed.  This  modifi- 
cation is  known  as  the  three-wire  system. 
In  order  to  change  the  multiple-series 
circuit,  a  system  shown  in  Fig.  18,  into 
a  three-wire  system,  it  is  only  necessary 
to  replace  the  single  dynamo  (D)  by  two 
dynamos,  as  shown  in  Fig.  20  (Fig.  56, 
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FIG.   20.     THREE-WIRE  SYSTEM. 

p.  221,  Houston  &  Kennelly's  "Electric 
Incandescent  Lighting").  These  dyna- 
mos are  connected  in  series,  by  joining 
the  negative  brush  of  (Dx)  to  the  posi- 
tive brush  of  (D'2),  the  positive  brush  of 
(Dj)  to  the  positive  main  (AA),  and  the 
negative  brush  of  (D2)  to  the  negative 
main  (CC).  The  neutral  point  where 
the  two  dynamos  are  joined  together  is 


volts  between  (AA)  and  (BB),  or  be- 
tween (BB)  and  (CC). 

Provided  all  the  lamps  are  connected 
with  the  circuit  as  shown  in  the  figure, 
no  current  will  flow  through  the  neutral 
main  (BB),  for  the  system  will  then  be 
balanced.  If,  however,  one  of  the  series- 
connected  lamps  of  any  group  be  cut  out 
of  the  circuit,  the  remaining  lamps  will 
not  be  injured  by  the  excess  of  current, 
since  the  neutral  conductor  will  then  con- 
vey a  part  of  the  current  back  to  the 
dynamo. 

There  are  many  peculiarities  concern- 
ing the  three-wire  systems  that  we  will 
afterwards  explain,  especially  how  the 
higher  pressure  employed  permits  of  a 
great  saving  in  the  amount  of  copper 
required  for  the  mains. 

In  a  series-multiple  circuit  a  number 
of  separate  electric  sources,  or  separate 
electroreceptive  devices,  or  both,  are 
connected  in  a  number  of  separate  groups 
in  multiple,  and  these  groups  afterwards 
connected  in  series. 

Since  a  multiple  circuit  is  also  called  a 
parallel  circuit,  a  series-multiple  circuit 
is  sometimes  called  a  series-parallel  cir- 
cuit. 

Fig.  21  (Fig.  10,  p.  27,  Vol.  II,  Crock- 
er's "Electric  Lighting")  represents  a 
series-multiple  circuit.  Here,  25  incan- 
descent electric  lamps  are  connected  in 


FIG.   21.     SERIES-MULTIPLE  CIRCUIT. 


then  connected  to  the  neutral  main  (BB). 
If  each  of  these  dynamos  is  capable  of 
producing  a  pressure  of  115  volts,  it  is 
evident  that  there  will  be  a  total  pressure 
of  330  volts  between  the  mains  (AA) 
and   (CC),  and  a  pressure  of  only   115 


five  multiple  groups  of  five  lamps  each. 
and  these  groups  are  connected  in  series 
to  the  positive  and  negative  terminals  of 
the  dynamo  (D).  This  circuit  is  called  a 
series-multiple  circuit  because  it  consists 
of  a  series  of  multiple-connected  circuits. 
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Those  beginning  the  study  of  electric- 
ity frequently  experience  no  little  diffi- 
culty in  distinguishing  between  a  mul- 
tiple-series circuit  and  a  series-multiple 
circuit.  By  remembering,  however,  that 
the  name.' multiple-series  circuit  means 
a  multiple  of  series-connected  circuits, 
and  a  series-multiple  circuit  means  a  se- 

POSITIVE  LEAD 


NEGATIVE    LEAD 

FIG.   22.     MULTIPLE  CIRCUIT  OF  THREE 
INCANDESCENT  LAMPS. 

ries    of    multiple-connected    circuits,    the 
difficulties  will  at  once  disappear. 

It  is  unfortunate  .that  the  difficulty 
should  be  unnecessarily  increased  by  em- 
ploying the  name  parallel  for  multiple, 
thus  giving  rise  to  the  terms  parallel- 
series  circuit,  employed  in  the  same  sense 
as  multiple-series  circuits,  and  series-par- 


E  D 

FIG.    23.     SERIES   CIRCUIT   OF  FR'E  LAMPS. 

allel  circuit,  employed  in  the  same  sense 
as  series-multiple  circuits.  These  terms. 
however,  are  frequently  employed,  so 
that  it  is  necessary  that  the  student  mem- 
orize them. 

A  little  thought  will  show  that  the  two 
general  classes  of  circuits,  the  multiple- 
series  and  the  series-multiple  circuits, 
have  originated  as  follows  :  In  any  mul- 
tiple circuit,  such,  for  example,  as  that 
shown  in   Fig.   22.  any  of  the   separate 


lamps  (A),  (B)  or  (C),  can  be  replaced 
by  two  or  more  series-connected  lamps. 
such  as  shown  in  Fig.  18.  Or  each  of 
four  separate  lamps  in  any  multiple  cir- 
cuit may  be  replaced  by  the  10  series- 
connected  lamps,  as  in  the  groups  I  aa ) . 
ibb),  (cc)  and  (dd),  of  Fig.  19.  As 
soon  as  this  is  done,  the  multiple  circuit 
becomes  a  multiple  of  series  circuits  or  a 
multiple-series  circuit,  since  it  then  con- 
sists of  separate  series  groups  connected 
to  the  mains  in  multiple. 

In  a  similar  manner,  the  circuit  of  five 
series-connected  lamps  (A),  (B),  (C), 
-  D  >  and  (E  1  .shown  in  Fig.  23.  may  have 
any  of  these  lamps  replaced  by  any  num- 
ber of  multiple-connected  lamps  as. 
for  example,  by  five  multiple-connected 
groups  of  five  lamps  each,  and  these 
groups  afterwards  connected  in  series  to 
the  dynamo  (D),  as  shown  in  Fig.  21. 
This  would  eive  rise  to  a  series  of  mul- 


r 


FIG.   24. 


MULTIPLE-SERIES  CIRCUIT  OF 

ENCLOSED    ARCS. 


tiple-connected    lamps,    or    would    be    a 
series-multiple  circuit. 

It  is  frequently  a  matter  of  consider- 
able advantage  to  be  able  to  employ  en- 
closed arc  lamps  on  the  same  multiple 
circuits  that  are  provided  for  feeding  the 
incandescent  lamps  used  for  the  illumina- 
tion of  interiors.  Indeed,  this  ability  for 
being  used  on  the  same  circuit  with  in- 
candescent lamps  constitutes  one  of  the 
most  important  features  of  enclosed  arc 
lamps.  As  will  be  afterwards  explained, 
the  enclosed  arc  lamp  possesses  two  pe- 
culiarities that  render  it  especially  suited 
for  interior  illumination;  i.  e.,  its  ability 
to  produce  a  well  diffused  light,  and  the 
fact  that  its  double  glass  globes,  prevent- 
ing as  they  do  the  escape  of  dangerous 
sparks,  permit  it  to  be  safely  employed 
in  the  neighborhood  of  inflammable  ma- 
terials, such  as  are  apt  to  exist  in  stores 
or  other  interiors. 

If  the  mains  employed  for  feeding  in- 


POPULAR    ELECTRICITY 


135 


candescent  iamps  in  multiple,  as  is 
frequently  the  case,  are  connected  with 
dynamos  capable  of  maintaining  a  pres- 
sure of  say  1 10  volts,  and  the  arc  lamps 
employed  require,  as  is  also  frequently 
the  case,  a  pressure  of  50  volts  only,  then 


2  AMPERES 


FIG.  25. 


2AMPERES 

SERIES-MULTIPLE  CIRCUIT. 


more  than  a  single  lamp  must  be  placed 
in  series  across  such  main.  In  the  case 
of  mains,  maintained  at  a  constant  pres- 
sure of  no  volts,  it  would  be  necessary 
that  two  such  lamps  should  be  placed  in 
series  across  the  main  and  that,  more- 
over, a  small  resistance  be  connected  in 
series  with  such  lamps. 

The  arrangement  above  referred  to  is 
represented  in  Fig.  24,  (Fig.  27,  p.  63, 
Houston  &  Kennelly's  "Electric  Engi- 
neering Leaflets,  Elementary  Grade"). 
Here  a  dynamo  (D),  capable  of  produc- 
ing an  electromotive  force  of  no  volts, 
is  connected  with  the  positive  and  nega- 
tive leads  as  shown.  Three  series-con- 
nected groups,  each  consisting  of  two 
enclosed  arc  lamps  and  a  resistance  (r), 
are  placed  across  the  leads.  As  will  be 
seen  from  an  examination  of  the  figure, 
a  pressure  of  50  volts  is  necessary  to 
force  the  current  through  each  of  the 
arc  lamps  and  an  additional  pressure  of 
ten  volts  to  cause  it  to  flow  through  each 
of  the  resistances  (r). 

This  arrangement  therefore  constitutes 
a  multiple-series  circuit  and  shows  one 
of  the  practical  uses  of  such  a  circuit. 

In  the  series-multiple  circuit,  repre- 
sented in  Fig.  25  (Fig.  28,  p.  63,  Ibid), 
a  dynamo  (D),  capable  of  sustaining 
a  pressure  of  330  volts  on  the  posi- 
tive and  negative  mains,  respective- 
ly, is  shown  as  connected  with  three 
multiple  groups  of  incandescent  lamps 
(A),    (B)    and     (C).      These    multiple 


groups  are  connected  in  series  as  shown 
in  the  illustration,  and  are  then  placed 
across  the  mains.  If  each  of  these  in- 
candescent lamps  requires  a  current  of 
say  half  an  ampere,  at  a  pressure  of  no 
volts,  only  two  amperes  wilLbe  required 
to  flow  along  the  leads  from'and  to  the 
dynamo.  Had  all  12  lamps  been  con- 
nected in  parallel  across  the  leads  of  a 
no-volt  dynamo,  the  current  leaving  the 
dynamo  would  have  been  six  amperes, 
so  that  in  order  to  maintain  the -same  con- 
dition, the'' leads  woutd  necessarily  have 
been  three  times'  heavier  or  larger  *fei! 
area  of -cross-section. 

Fig.  26  (Fig.  27,  p.  63,  Houston  & 
Kennelly's  "Electric  Engineering  Leaf- 
lets, Intermediate  Grade"),  represents  a 
practical  application  of  a  multiple-series 
connection  of  electroreceptive  devices. 
Here,    the    receptive    devices    consist   of 


FIG.   26.     MULTIPLE-SERIES  CONNECTION 
OF   NINE    PLATING   BATHS. 

nine  plating  baths  connected  as  shown  in 
three  separate  series  groups  of  three  cells 
each,  and  these  groups  afterwards  con- 
nected in  parallel  with  the  mains.  An  ar- 
rangement of  this  character  is  limited  to 
cases  where  it  is  desired  to  obtain  such 
relations  between  the  electromotive  force 
and  the  current  strength  as  may  be  neces- 
sary for  the  best  operation  of  the  electro- 
receptive  devices  connected  with  the  cir- 
cuit. 

A  well  known  practical  application  of 
a  series-multiple  circuit,  or.  as  in  this 
case  it  is  more  frequently  called,  a  series- 
parallel  circuit,  is  the  car  controller  that 
is  placed  on  the  platform  of  the  trolley 
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FIG.  27.   SERIES -PARALLEL,  STREET  CAR 
CONTROLLER. 

car  alongside  the  motorman,  and  em- 
ployed by  him  for  starting  or  stopping 
the  car,  or  for  varying  its  speed.  The 
street  car  provided  with  this  device, 
which  is  generally  known  as  the  series- 
parallel  controller,  is  furnished  with  two 
or  with  four  motors.  As  the  motorman 
turns  the  switch  handle,  he  brings  it 
over  a  series  of  notches  that  correspond 
with  different  speeds  of  the  car,  gradu- 


ances,  or  some  of  the  motors  or  the  re- 
sistances are  cut  out  of  the  circuit. 

A  series-parallel  street  car  controller 
is  represented  in  Fig.  27  (General  Elec- 
tric Company's  Bulletin  No.  4557),  with 
the  front  of  the  upright  vertical  sheet- 
iron  case  within  which  the  apparatus  is, 
placed  removed,  and  with  the  controller 
thrown  open  for  inspection. 

As  will  be  seen,  the  handle  is  con-" 
nected  with  a  vertical  cylindrical  switch 
on  the  surface  of  which  are  mountained 
metallic  conducting  segments  of  differ- 
ent lengths  and  in  different  positions,  so 
that  when  the  handle  is  turned  to  an  ex- 
tent corresponding  to  the  different 
notches,  these  segments  come  in  contact 
at  different  times  with  a  number  of  fixed 
contact  springs.  It  is  by  this  means  that 
the  motorman  is  able  to  bring  about  the 
changes  in  the  connections  between  the 
separate  motors  and  resistances  that  are 
required  to  ensure  changes  in  the  speed 
of  the  car. 

It  is  not  our  intention  to  e: -plain  here 
the  nature  of  these  changes  but  simply  to 
point  out  this  very  common  use  of  a 
series-parallel  circuit. 

Besides  the  variety  of  <.  rcuits  already 
described,  there  are  two  others,  known 
as  the  metallic  circuit  and  the  ground 
return  circuit. 

As  its  name  would  indicate,  a  metallic 


METALLIC    CIRCUIT. 


ally  increasing  from  the  first  notch  at 
starting  to  the  last  notch,  and  deGreasing 
as  the  handle  is  turned  in  the  opposite 
direction.  In  this  way  the  motors  are 
connected  in  series  or  in  parallel  with 
each  other,  or  with  a  number  of  resist- 


circuit  is  one  in  which  the  entire  conduct- 
ing path  to  and  from  the  electric  source 
consists  of  a  metallic  wire,  while  in  the 
ground  return  circuit  a  metallic  wire  is 
employed  for  leading  the  current  to  the 
different  electroreceptive  devices  placed 
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along  the  line,  and  the  ground  is  utilized 
for  the  return  of  the  current  to  the  elec- 
tric source. 

A    metallic    circuit    is    represented    in 


telegraphic  circuits  were  metallic  circuits 
until  in  1825,  when  Steinheil  endeavored 
to  use  the  two  rails  of  a  railroad  track 
for  telegraphic  purposes.     He  discovered 
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FIG.  29.     GROUND  RETURN  CIRCUIT. 


Fig.  28,  (p.  34,  Houston  &  Kennelly's 
"Elementary  Leaflets,  Elementary 
Grade")- 

Here  rwo  telegraph  stations  (A)  and 
(B),  situated,  say  100  miles  apart,  are 
connected  by  a  copper  wire  of  a  certain 
diameter  (No.  12,  American  Wire 
Gauge).  As^will  be  seen,  the  wire  is 
suspended  over  poles  both  from  and 
towards  the  stations. 

Fig.  29  (Fig.  13,  p.  34,  Ibid),  repre- 
sents a  ground  return  circuit  between  the 
same  stations  as  in  Fig.  28.  Here,  only 
a  single  copper  wire  is  extended  over 
poles  between  the  stations  in  order  to 
convey  the  current  from  either  station  to 
the  electroreceptive  devices  placed  on 
the  line.  The  earth  or  ground  lying  be- 
tween two  metallic  plates  (D)  and  (E), 
employed  to  ensure  good  connections,  is 
utilized  as  the  return  circuit. 

The  total  resistance  of  metallic  tele- 
graphic circuits  of  this  type  is  higher 
than  that  of  the  ground  return  circuit ; 
for,  if  the  plates  are  large  and  the  ground 
is  moist,  the  resistance  of  the  earth,  ow- 
ing to  its  great  size,  is  almost  negligible. 

Metallic  circuits  are  employed  for  prac- 
tically all  electric  light  and  power  cir- 
cuits, and  in  all  well  established  tele- 
phone circuits.  Ground  return  circuits 
are  generally  employed  in  telegraph  lines. 
In  the  early  days  of  telephony  they  were 
then  employed  in  telephones.  At  the 
present  time,  however,  telephone  circuits 
are  now  almost  entirely  metallic. 

It  is  interesting  to  note  that  the  early 


that  the  earth  is  so  excellent  a  conductor 
that  it  could  be  employed  as  a  return. 
Since  1825,  the  earth  has  been  almost 
invariably  so  employed. 

(To  be  continued.) 


EXTRAORDINARY     LIGHTNING    STROKE. 

Prof.  A.  '  Herschel,  in  the  Quarterly 
Journal  of  the  Royal  Meteorological  So- 
ciety for  October  last,  describes  the  ex- 
traordinary effects  produced  by  lightning 
in  the  midst  of  an  open  moor  in  North- 
umberland. A  hole  4  or  5  feet  in  diame- 
ter was  made  in  the  flat,  peaty  ground, 
and  from  this  half  a  dozen  furrows  ex- 
tended on  all  sides.  Pieces  of  turf  were 
thrown  in  various  directions,  one  3  feet 
in  diameter  and  a  foot  thick  having  fall  - 
en  78  feet  from  the  hole.  Investigation 
showed  that  in  addition  to  the  effects  vis- 
ible on  the  surface,  small  holes  had  been 
bored  in  the  earth  radiating  from  the 
large  excavation. 


Professor  Charles  P.  Steinmetz  of 
Union  College,  in  a  lecture  to  electrical 
trades  students,  prophesied  that  a  hun- 
dred years  or  so  would  see  the  practical 
exhaustion  of  the  coal  supply,  when  the 
world  would  be  dependent  on  electricity 
not  only  for  light,  power  and  heat,  but 
for  the  restoration  of  fertility  to  the  soil. 
Days  of  wonderful  economic  changes 
are  thus  forecast.  The  children  of  to- 
day's fathers  may  live  practically  in  a 
world  made  over. 


THE  WIRELESS  TELEPHONE. 


MUCH  interest  has  been  aroused 
recently  by  the  development  of 
the  radio  wireless  telephone. 
The  system  is  the  invention  of  Dr.  Lee 
de  Forest,  whose  achievements  in  the 
field  of  wireless  telegraphy  have  made 
him  noted  in  this  particular  field  of 
electrical  science.  The  wireless  tele- 
phone also  takes  on  an  added  interest 
at  the  present  time  from  the  fact  that  it 
has  been  installed  on  all  of  the  battle- 
ships forming  the  great  Pacific  squad- 
ron, now  on  its  memorable  cruise. 
The    accompanying    half-tone    reproduc- 


telephone  receiver.  This  is  done  be- 
cause the  air  vibrations  are  soon  over- 
come by  resistance  and  hence  are  lim- 
ited in  scope,  while  the  etheric  variations 
theoretically  are  unresisted,  as  the  ether 
permiates  every  substance  and  the  vibra- 
tions transmitted  to  it  travel  uninterrupt- 
ed to  infinite  distances.  Telephony,  then, 
either  wireless  or  otherwise,  becomes 
merely  a  matter  of  finding  a  piece  of 
mechanism  capable  of  the  translation 
from  air  to  ether  waves  and  back  to  air 
waves  again.  Bell  caused  the  transla- 
tion to  be  made  over  an  electric  current 


FIG.    1.     WIRELESS    TELEPHONE    ON    REAR   ADMIRAL'S   FLAGSHIP. 


tion,  Fig.  i,  shows  the  complete  wire- 
less telephone  station  installed  in  what 
was  "Fighting  Bob"  Evans'  cabin. 

In  order  readily  to  comprehend  the 
following  explanation  of  the  wireless 
telephone  the  reader  must  bear  in  mind 
the  basic  differences  between  wireless 
telephony  and  wireless  telegraphy. 
Speech  is  but  the  forming  of  a  very 
rapid,  complex,  and  ever-varying  series 
of  vibrations  in  the  air.  In  telephoning 
we  translate  these  vibrations  into  ether- 
waves  of  corresponding  fluctuation  of 
intensity,  which  are  again  translated  back 
into   the   original    air   vibrations    by   the 


a  metal  wire.  De  Forest 
changes  the  air  waves  into  the  vibration 
of  an  electrical  discharge  which  oscil- 
lates the  ether.  The  principle  is  much 
the  same,  although  the  apparatus  is  of 
necessity  quite  different.  The  variation 
of  electrical  current  is  produced  by  what 
is  technically  known  as  "alternation." 

A  simple  diagram  of  a  wireless  tele- 
phone transmitting  and  receiving  station 
is  shown  in  Fig.  2.  To  obtain  the  very 
high  frequency  alternations  desirable 
for  radio  transmission,  an  apparatus  sim- 
ilar to  the  Duddell  "singing  arc"  is  used. 
It    comprises    an    electric    arc   with   one 
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copper  and  one  carbon  electrode,  con- 
nected to  a  direct  current  generator  with 
a  capacity  of  about  250  volts.  The  up- 
per or  carbon  electrode  is  attached  to 
an  inductance  coil  (B)  connected  in 
series  with  a  condenser  and  the  copper 
electrode,  forming  a  shunting  or  branch 
circuit  around  the  arc.  The  result  is  a 
current  flowing  through  the  coil  (B) 
with  exceedingly  rapid  alternation  of 
direction.  The  speed  of  this  alternation 
depends  greatly  upon  the  material  of  the 
arc  electrodes,  their  temperature,  and 
the  atmospheric  medium  surrounding 
them.  The  most  practical  medium  with 
which  to  surround  the  two  electrodes  of 
the  arc  is  the  vapor  from  the  flame  of 


creasing  the  arc  current  and  decreasing 
the  resistance  between  the  electrodes. 
As  the  condenser  will  discharge  too 
much,  the  reverse  process  takes  place, 
and  thus  the  condenser  is  alternately 
overcharged  and  undercharged,  and  the 
circuit  (B),  of  which  the  condenser  and 
inductance  are  parts,  sustains  an  alter- 
nating current,  whose  frequency  de- 
pends upon  the  resistance  of  the  arc. 
The  high  frequency  alternating  current 
is  kept  from  flowing  back  into  the  direct 
current  generator  by  the  use  of  choke 
coils,  as  seen  in  the  diagram. 

The  inductance  coil  (B.)  now  acts  as 
the  primary  coil  of  a  transformer,  the 
secondary    coil    shown    on    the    diagram 
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FIG.    2.     CONNECTIONS  FOR  WIRELESS    TELEPHONE. 


denatured  alcohol,  which  sets  up  an 
alternating  frequency  of  over  100,000 
variations  each  second. 

The  peculiar  phenomenon  of  alterna- 
tion is  accounted  for  in  the  following 
way :  The  completion  of  the  current 
around  the  arc  causes  a  rush  of  cur- 
rent into  the  shunt  circuit  in  order  to 
charge  the  condenser,  thus  drawing  cur- 
rent away  from  the  arc  and  increasing 
the  resistance  between  the  electrodes  of 
the  arc.  This  causes  still  more  current 
to  seek  the  condensor,  charging  it  with 
a  voltage  higher  than  the  normal  capac- 
ity of  the  arc.  This  causes  the  con- 
denser to  discharge  through  the  arc,  in- 


being  connected  to  the  antenna  or  aerial 
wire  from  which  the  ether-  waves  are 
radiated.  The  principle  of  a  transform- 
er is  such  that  a  rapidly  alternating  cur- 
rent passed  through  the  primary  coil 
will  induce  in  the  secondary  coil  a  sim- 
ilar alternating  current,  although  the 
two  coils  are  not  electrically  connected 
with  each  other. 

One  terminal  of  the  secondary  of  the 
inductance  coil  is  connected  to  the  an- 
tenna as  already  stated.  The  other  ter- 
minal is  connected  through  the  wire 
(A),  through  an  ammeter,  switch  and 
telephone  transmitter  to  ground. 

The    above,    in    brief,    constitutes    the 
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transmitting  station  apparatus.  Its  op- 
eration is  as  follows :  The  direct  cur- 
rent generator  or  dynamo  pumps  cur- 
rent through  the  arc  and  causes  it  to 
burn.  The  peculiar  properties  of  this 
arc  cause  a  very  rapid  alternating  cur- 
rent to  flow  through  the  primary  coil 
(B)  of  the  inductance  transformer. 
These  fluctuations  are  taken  up  by  the 
secondary  coil  and  carried  to  the  an- 
tenna where  they  are  radiated  out  as 
ether  waves. 

If  a  person  now  talks  into  the  tele- 
phone transmitter  the  sound  or  air 
waves  of  his  voice  striking  upon  the 
transmitter  diaphragm  effect  the  resist- 
ance of  the  circuit  leading  to  the  anten- 
na. These  fluctuations  caused  by  the 
voice  are  superimposed  upon  those  set 
up  by  the  "singing  arc"  and  the  ether 
waves  that  are  radiated  by  the  antenna 
are  modulated  in  accordance  with  the 
modulations  of  the  voice  waves.  These 
high  frequency  electrical  waves  then 
pass  unseen  and  unheard  through  space 
to  the  receiving:  antenna. 

The  ether  disturbances  are  detected 
at  the  receiving  station  by  the  Audion, 
which  interesting  and  valuable  appara- 
tus consists  of  a  tantalum  filament  and 
platinum  wing  and  grid  inside  of  an  ex- 
hausted bulb.  A  current  passing  through 
the  filament  heats  it  and  the  little  air 
remaining  in  the  bulb,  and  forms  a  gas 
which  is  employed  as  the  conducting 
medium  between  the  wing  and  the  grid, 
forming  the  terminals  of  the  secondary 
(C).  The  waves  intercepted  on  their 
way  through  space  by  the  receiving  an- 
tenna induce  a  current  in  the  secondary 
winding  (C)  and  thus  disturb  the 
Audion.  The  telephone  receiver  con- 
nects with  the  platinum  wing  and  tanta- 
lum filament.  The  disturbance  of  the 
Audion  causes  the  ionized  gas  to  vary  in 
accordance  with  the  oscillation  of  the 
effecting  waves  that  come  down  the  an- 
tenna wire.  As  the  conductivity  of  the 
gas  within  the  Audion  depends  upon 
the  ionization,  the  current  fluctu- 
ates through  the  telephone  receiv- 
er and  modifies  the  vibration  of  its 
diaphragm  exactly  as  the  conductivity 
of  the  ionized  gas  fluctuates ;  this  ioniza- 
tion varies,  furthermore  exactly  as  the 
ether  waves  sent  out  by  the  transmitting 
station   fluctuate.     Therefore    the    ether 


waves  which  are  sent  out  by  the  trans- 
mitting station,  and  which  have  there 
been  modified  by  the  human  voice,  are 
taken  up  at  the  receiving  station  and 
changed  back  into  a  form  to  effect  the 
telephone  receiver  and  the  speaker's 
words   are  plainly  heard. 

With  the  means  already  at  hand,  in- 
cluding the  microphone  transmitter, 
with  its  restricted  variation  in  resist- 
ance, the  de  Forest  instrument  is  giving 
satisfactory  results  from  65  to  150  miles 
over  both  land  and  sea. 


LIFE  BELT  WITH  ELECTRIC  LIGHT. 

In  order  to  make  life  saving  apparatus 
more  effective,  it  is  held  that  if  a  person 
can  be  provided  with  a  light  of  some 
kind  when  using  a  life  saving  belt  at 
night,  the  chances  of  rescue  will  be 
greatly  enhanced.  The  picture  shows  a 
cap  and  electric  lamp  used  with  the  new 


"Insubmersible"  life  belt  designed  by 
Jack  Focketyn  of  Antwerp,  Belgium.  It 
is  said  that  the  electric  lamp  attached  to 
the  cap  can  be  seen  at  sea  for  a  distance 
of  about  a  quarter  of  a  mile. 

The  belt  itself  is  of  special  design, 
such  that  the  neck  is  preserved  from  the 
stroke  of  the  waves.  The  cushions  are 
so  arranged  that  the  head  cannot  sink 
beneath  the  waves  even  if  the  unfor- 
tunate one  is  unconscious. 
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THE  TELEGRAPHONE. 

The  telegraphone  is  a  remarkable  de- 
vice invented  by  Valdemar  Poulson  of 
Copenhagen,  Denmark,  which  records 
human  speech  on  a  wire.  This  may  sound 
unreasonable,  but  the  feat  has  been  ac- 
complished, and  telegraphones  have  been 
constructed  on  this  principle. 

Briefly  described,  the  telegraphone 
consists  of  two  drums  operated  by  a 
spring  or  small  electric  motor.  A  steel 
piano  wire  is  wound  slowly  from  one 
drum   to   the   other.      Between   the   two 


electromagnet  has  a  peculiar  effect  on  the 
wire.  It  seems  to  rearrange  the  molecules 
of  the  steel  and  magnetize  them  to  vary- 
ing degrees,  so  that  a  record  of  the 
speaker's  voice  is  made  on  the  wire  by 
the  variations  in  the  degree  of  magnet- 
ism at  the  different  points  along  its  sur- 
face. Therefore,  when  the  wire  is  run 
back  through  the  machine  these  little 
variations  in  the  magnetism  may  be 
made  to  affect  the  electromagnet,  and  if 
the  latter  be  connected  with  a  telephone 
receiver,    instead    of    a    transmitter,    the 
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drums  is  mounted  an  electromagnet, 
which  is  very  close  to  the  surface  of  the 
wire.  The  electromagnet  is  connected 
in  circuit  with  a  telephone  transmitter, 
so  that  a  person  speaking  into  the  trans- 
mitter will,  by  the  vibrations  of  his  voice, 
set  up  little  fluctuations  in  the  current 
traveling  out  from  the  transmitter  and 
around  the  electromagnet.  What  is 
known  as  the  magnetic  field  surrounding; 
the  electromagnet  is  consequently  varied 
in  intensity  according  to  the  fluctuations 
of  the  voice  waves  as  in  a  telephone. 
This  varying  field  of  force  around  the 


voice   of    the    original    speaker    may    be 
heard  as  from  a  phonograph. 

Instead  of  a  wire  recorder,  a  disk  oi 
steel  like  a  graphophone  disk  has  been 
used  with  success.  This  is  rotated  under 
the  electromagnet,  and  the  little  varia- 
tions in  magnetism  recorded  on  the  sur- 
face of  the  disk.  These  records  may  also 
be  reproduced  at  any  time  and  place  by 
running  the  disk  through  a  suitable  ma- 
chine. Thus  we  are  confronted  with  the 
possibility  that  letters  to  our  friends  in 
the  future  will  take  the  form  of  telegra- 
phone disks  sent  by  mail. 


WIRELESS  ELECTRIC  TRUCK. 


A  LITTLE  room  in  the  center  of  one 
of  the  big  Union  Pacific .  shop 
buildings  at  Omaha  contains  the 
secret  of  Dr.  Frederick  H.  Millener's 
invention  for  ''remote  control"  of  all 
kinds  of  machin- 
ery by  means  of 
wireless  electricity. 
Dr.  Millener  calls 
the  invention  by 
which  he  accom- 
plishes this  the 
"selective  device." 
The  reason  for  the 
name  is  apparent 
because  it  makes 
possible  the  selec- 
tion of  any  one  of 
a  number  of  pieces  of  machinery  and  the 
control  of  that  particular  piece  alone, 
leaving  all  others  undisturbed. 

A  three-ton,  io-horsepower  electric 
truck  running  on  a  narrow  gauge  track 
in  the  Union  Pacific  shop  yards  is  the 
working  apparatus  which  exemplifies 
Dr.  Millener's  invention.  On  this  truck 
and  at  a  height  of  about  four  feet  from 
the  ground  are  the  horizontal  antennae, 
built  in  cylindrical  form  of  copper  wire. 
The  use  of  antennae  of  this  kind  is  espe- 
cially desirable  as  it  permits  of  placing 
them  so  near  to  the  ground  that  they  do 
not  interfere  in  going  through  tunnels 
or  under  bridges.  Similar  antennae,  at- 
tuned to  these,  swing  from  a  65-foot 
flagstaff  over  the  little  room  where  the 
sending  apparatus  is  located.  Between 
these  antennae  pass  the  invisible  power 
waves  which  control  the  motors  of  the 
little  truck  absolutely,  sending  it  ahead, 
stopping  it  and  regulating  its  speed  pre- 
cisely and  instantaneously,  at  the  will  of 
of  the  man  with  his  finger  on  the  send- 
ing apparatus. 

Dr.  Millener  had  another  difficulty  to 
overcome,  however,  before  he  was  able 
to  control  machinery  on  wheels.  This 
difficulty  was  to  get  a  continuous 
"ground."  The  constant  passage  of  the 
wheels  over  breaks  in  the  track  or  over 
other  obstacles  broke  the  "ground"  and 
presented  the  old  difficulty  which  has 
been  an  obstacle  to  successful  communi- 
cation from  moving  trains.    Dr.  Millener 


was  successful  in  inventing  a  "traveling 
ground."  Thus  he  maintains  complete 
and  unbroken  control  over  his  selective 
device  located  on  a  moving  vehicle.  Inci- 
dentally he  has  solved  the  problem  of 
communicating  from  a  moving  train. 

The  man  who  has  made  these  success- 
ful and  important  inventions  is  still  quite 
young.  He  graduated  with  honors  from 
Jefferson  Medical  College,  Philadelphia, 
in  1894,  and  his  early  energies  were  di- 
rected toward  medicine.  His  undoubted 
efficiency  as  a  physician  brought  him  a 
large  practice.  But  after  he  had  spent 
the  day  visiting  patients  he  often  spent 
the  night  absorbed  in  his  electrical  ex- 
periments in  a  private  laboratory  which 
he  had  fitted  up.  Eventually  his  true 
love   won  out,  he  abandoned  his   lucra- 


CORNER  IN  DR.  MILLENER'S  LABORATORY 

tive  practice  and  came  several  years  ago 
to  the  Union  Pacific  shops  as  electrical 
engineer.  His  experiments  were  con- 
ducted at  the  direction  of  the  higher  au- 
thorities of  the  road  and  with  the  co- 
operation of  W.  R. -McKeen,  Jr.,  super- 
intendent of  motive  power  and  machin- 
ery- of  the  Union  Pacific. 

Dr.  Millener  is  preparing  to  equip 
one  of  the  big  mogul  locomotives  in  the 
shop  yards  with  his  selective  device  for 
the  purpose  of  demonstrating  how  a  pon- 
derous engine  can  be  controlled  by  the 
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mere  touch  of  a  finger  even  when  that 
finger  is  miles  away.  It  is  not  likely 
that  the  selective  device  will  be  applied 
to  locomotives,  practically,  at  the  pres- 
ent stage  of  railroad  development,  but  it 
is  easy  to  see  how  one  man  in  a  central 
sending  station  could  operate  a  railroad 
system  by  means  of  wireless.  A  small 
motor  might  be  placed  in  the  cab  of  a 


steam     engine     to     supply 
to    open    the    throttle    or 


device 


working 


the  power 
to  shut  it, 
on    the 


the    selective 
motor. 

The  system  is  also  admirably  adapted 
for  throwing  railway  block  signals,  for 
exploding  dynamite  in  a  mine,  for  steer- 
ing torpedoes  through  the  water,  and 
other  practical  things. 


ELECTRICITY  OPENS  A  SAtE. 

Recently  the  huge  steel  door  in  the 
safe  of  a  bank  was  closed  for  nearly  100 
hours,  during  which  all  efforts  to  open 
it  were  unsuccessful,  the  time  lock  be- 
ing deranged.  It  was  a  battle  of  a  mod- 
ern burglar-proof  safe  against  the  tools 
of  experts.  It  was  finally  decided  that 
the  only  way  to  reach  the  mechanism 
within  was  to  burn  a  hole  in  the  safe. 

When  the  decision  was  reached  "to 
operate,"  as  a  surgeon  would  say,  elec- 
tricity was  brought  into  requisition.  The 
metal  of  the  safe  was  connected  to  one 
side  of  the  railway  power  circuit.  To 
the  other  side  of  the  circuit  a  heavy  con- 
ductor was  attached  which  terminated  in 
a  carbon  point.  When  the  carbon  point 
was  held  against  the  safe  by  the  oper- 
ator an  arc   was   formed  producing  in- 


tense heat  at  the  point  of  application.  In 
this  way  a  hole  was  rapidly  melted  en- 
tirely through  the  side  of  the  safe. 


TYPESETTING  BY  WIRELESS. 

A  recent  newspaper  dispatch  from 
London  states  that  a  Danish  inventor  has 
announced  that  he  has  perfected  an  ap- 
paratus by  which  typesetting  machines 
in  New  York  can  be  operated  from  Lon- 
don by  means  of  a  wireless  telegraph  sys- 
tem. The  inventor  says  that  he  will  pub- 
licly demonstrate  his  new  wireless  type- 
setting invention  within  a  few  weeks, 
and  has  already  had  the  first  machine 
constructed,  which  has  proved  successful. 
setting  3.000  words  an  hour  at  a  dis- 
tance, just  as  if  the  operator  were  work- 
ing the  machine. 


ELECTRICITY  IN  MEDICINE. 


BY  OTTO  JUETTNER,  M.  D.,  PH.  D. 

PART  III. 


The  so-called  static  machine  occupies 
a  very  conspicuous  place  in  the  electro- 
therapeutic  equipment  of  the  modern 
physician.  It  is  used  for  the  purpose  of 
furnishing  static  electricity.  It  is  avail- 
able for  the  production  of  high  fre- 
quency currents.  It  is  also  useful  as  a 
generator  for  the  kind  of  energy  which  is 
employed  to  excite  the  so-called  Roent- 
gen or  X-ray  tube  for  the  production  of 
Roentgen  or  X-rays. 

The  primitive  and  now  obsolete  type 
out  of  which  the  modern  static  machine 
has  been  evolved,  consisted  of  a  glass 
cylinder  revolving  upon  a  hori- 
zontal axis,  a  cushion  of  horse- 
hair to  which  a  long  silk  flap 
was  attached  and  an  insulated 
metal  cylinder.  The  latter  was 
called  the  prime  conductor  and 
was  mounted  in  front  of  the  glass 
cylinder,  carrying  a  row  of  spikes 
or  needles  pointing  towards  the 
cylinder.  When  the  glass  cylin- 
der began  to  turn,  the  glass  was 
charged  positively  while  the 
horse-hair  took  up  a  negative 
charge.  The  positive  charge, 
which  was  carried  around  on  the 
cylinder,  caused  an  inductive 
charge  to  appear  in  the  prime 
conductor.  The  charge  had  a 
negative  character.  Thus  the 
electricab  equilibrium  was  sus- 
tained by  the  neutralization  of 
the  positive  charge  in  the  glass 
cylinder  and  the  negative  charge 
in  the  metal  cylinder. 

In  the  course  of  time  this  sim- 
ple form  of  apparatus  was  modified  by 
substituting  one  or  more  plates  of  glass, 
mica,  rubber  or  ebonite  for  the  glass 
cylinder.  The  horse-hair  cushion  (one  or 
more)  is  placed  against  the  plate.  The 
prime  conductor  is  represented  by  a 
properly  mounted  metal  rod  which  car- 
ries metal  spikes  or  pins  pointing  against, 
but  not  touching  the  plate.  When  the 
plate  revolves,  a  positive  charge  appears 
on  the  plate  and  a  negative  charge  in  the 
metal  prime  conductor.  Both  the  cylin- 
der machine  and  the  plate  machine  imi- 


tate on  a  more  elaborate  scale  the  sim- 
ple experiment  of  producing  electrical 
energy  by  rubbing  a  glass  rod  with  a 
piece  of  silk. 

In  the  year  1865  the  German  physicist 
Toepler  embodied  these  principles  in  a 
machine  consisting  of  stationary  and  re- 
volving plates.  Friction  is  produced  by 
tinsel  brushes  which  are  held  by  the  prime 
conductors.  When  the  plates  revolve 
these  tinsel  brushes  rub  over  brass  but- 
tons which  are  carried  by  the  first  and 
last  revolving  plates.  Positive  charges 
are  thus  produced  which  act  inductively 


FIG.  8.     ELECTRODES  FOR  BI-POLAR 

TREATMENT. 

upon  the  prime  conductors,  causing  nega- 
tive charges  to  appear  in  them.  Strange- 
ly enough,  another  German  physicist, 
named  Holtz,  invented  an  apparatus  in 
1865  which  was  almost  identically  the 
same  as  Toepler's  machine.  The  two  men 
worked  independently  of  each  other  and 
for  this  reason  their  machine,  Fig.  9,  is 
now  generally  known  as  a  Toepler-Holtz 
machine. 

The  plates  in  one  of  these  machines 
are  arranged  in  sets  of  four,  each  set 
consisting  of  one  revolving,  two  station- 
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ary  and  another  revolving  plate.     There 
is  a  space  between  the  different  sets.    A 
machine  may  have,  one,  two,  three,  four, 
five,  six  or  more  sets,  constituting  a  four- 
plate,  eight-plate,  12-plate,  16-plate,  20- 
plate,   24-plate   machine  or  more.     The 
plates    are    carried    by    a    shaft    which 
passes  through  circular  openings  in  the 
center  of  the  stationary  plates,   without 
touching  the  latter.    They  are  held  in  po- 
sition  by   cross   bars   above   and  below. 
The    revolving    plates  are 
mounted  firmly  on  the  shaft 
so    that    both    shaft    and 
plates  turn  together.     Let 
us  imagine  the  plates  taken 
away.     The   remainder  of 
the  machine  would    be    a 
skeleton   consisting   of   the 
shaft  and  the  -  other    parts 
that  belong  to  the  machine. 
Let  us  study  this  skeleton 
picture,    Fig.    10,    and   be- 
come    familiar   with   static 
machine      construction     as 
devised    by    Toepler    and 
Holtz.    There  are  two  par- 
allel cross  bars  at  the  bot- 
tom of  the  machine.  One  of 
these  cross  bars  is  No.  2, 
the  other  is  not  numbered. 
No.  31  shows  the  support 
which  holds  the  cross  bar. 
On  top  we  see  a  cross  bar, 
No.    1.      The    purpose    of 
these  cross  bars  is  to  hold 
the  stationary  plates  in  po- 
sition.      We     notice     the 
washers     on     these     cross 
bars.       The    washers     are 
made  of  hard  rubber    and 
move  by  accurately  fitting 
into  a  thread.      Each  sta- 
tionary  plate    is    held    be- 
tween two  of  these  washers.     No.  3  is 
the  support  by  means  of  which  the  cross 
bar  is  attached  to  the  case  of  the  machine. 
No.  4  is  a  metal  frame  which  carries  the 
tinsel   brushes   that   rub  over  the   brass 
buttons  on  the  first  and   last   revolving 
plates.     It  is  held  by  a  special  hub  No. 
29.    No.  9  is  one  of  these  brushes.    The 
inside  space  of  this  metal  frame  shows 
metal  combs  that  collect  the  electric  en- 
ergy from  the  plates.    One  comb  fits  into 
the    space   between   two   sets   of  plates. 
Nos.  6  and  33  are  metal  brackets  which 


carry  clamps,  No.  7,  to  hold  the  station- 
ary plates,  and  tinsel  brushes,  No.  9. 
No.  5  is  a  horizontal  frame  analogous  to 
the  frame  No.  4.  It  carries  combs  to  col- 
lect electricity  from  the  plates,  and 
clamps  to  hold  the  stationary  plates  in  po- 
sition. No.  8  is  an  oil  cup  for  the  revolv- 
ing shaft.  No.  12  is  an  upright  hard  rub- 
ber post  which  holds  the  large  and  small 
brass  balls,  Nos.  13  and  14.  These  balls 
are  in  front  of  the  machine.     They  are 


TOEPLER-HOLTZ   MACHINE. 

collectors  of  static  electricity.  The  latter 
accumulates  on  even  and  smooth  surfaces. 
Static  machines  now-a-days  have  an  X- 
ray  attachment  or  special  posts  for  the 
attachment  of  the  wires  that  go  to  an  X- 
ray  tube.  These  posts  are  Nos.  10  and 
II.  The  electric  spark  which  appears  in 
front  of  the  machine,  fills  up  the  gap  be- 
tween two  small  balls  (terminals')  car- 
ried by  movable  horizontal  bars.  Xo.  15. 
The  one  on  the  other  side  is  not  num- 
bered. They  are  sometimes  called  "slid- 
ing rods." 
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Nos.  16  and  17  are  the  so-called  Ley- 
den  jars  (pronounce  liden,  not  laden) 
which  are  made  of  glass.  The  inside 
(bottom  and  lower  part  of  the  sides)  is 
covered  with  tinfoil.  This  is  known  as 
the  inner  or  the  internal  armature  of  the 
jar.  The  whole  jar  on  the  outside  rests 
in  a  snugly  fitting  metal  cup,  No.  24, 
which  is  known  as  the  outer  or  the  ex- 
ternal armature.  The  lid  of  the  jar  is 
made  of  some  insulating  material.  In 
the  center  is  a  metal  button  which  pene- 
trates the  entire  thickness  of  the  lid.  This 
button  holds   a  chain  or  wire  which  is 


through  the  crank  shaft,  No.  19,  the  large 
pulley  wheel,  No.  20,  and  the  rear  axle 
pulley  wheel  which  is  mounted  on  the  re- 
volving shaft.  The  crank  shaft  is  held 
in  position  by  an  iron  bracket,  No.  32. 
In  most  doctors'  offices  static  machines 
are  not  turned  by  hand  but  are  driven  by 
an  electric  motor.  No.  22  is  a  device  which 
is  found  in  some  machines.  It  is  called 
a  current  controller  and  is  frequently  the 
cause  of  much  confusion.  It  is  an  un- 
necessary incumbrance.  No.  23  is  an- 
other attachment  of  questionable  value, 
a  current  indicator  with  a  hard-rubber 


FIG.    10.     DETAILS    OF    TOEPLER-HOLTZ   MACHINE. 


suspended  in  the  interior  of  the  jar  and 
touches  the  inner  armature.  The  outer 
portion  of  the  button  is  arranged  so  that 
the  jar  can  be  attached  to  the  static  ma-' 
chine  by  means  of  some  suitable  con- 
ductor (rod,  chain,  wire).  The  Leyden 
jar  is  a  condenser  and  offers  a  beautiful 
illustration  of  the  principle  of  induction. 
When  the  inner  armature  is  charged,  it 
acts  inductively  on  the  outer  armature, 
generating  an  induced  charge.  We  shall 
have  occasion  to  refer  to  this  phenome- 
non again. 

No.  18  is  the  crank  handle  by  means  of 
which    the    machine    is    set    in    motion 


switch.  Nos.  25  and  26  are  a  pair  of 
hard  rubber  washers  which  fit  on  the 
outside  and  inside  of  the  glass  which  is 
a  part  of  the  case  of  the  machine.  No. 
27  is  the  metal  head  of  the  main  post, 
No.  12.  No.  28  is  an  oil  cup  for  the  re- 
volving shaft.  No.  30  indicates  the  po- 
sition of  the  two  kinds  of  plates  (sta- 
tionary and  revolving). 

There  are  certain  physical  conditions 
upon  which  the  working  quality  and  ca- 
pacity of  a  static  machine  depends.  The 
machine,  especially  the  plates,  must  be 
kept  clean.  Frequently  it  is  sufficient  to 
use  a  soft  silken  rag  to  keep  the  plates 
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clean.  Sometimes  it  is  necessary  to  mois- 
ten the  rag  with  alcohol  and  apply  it  to 
the  plates  by  gently  moving  the  rag  over 
them.  Care  must  be  taken  not  to  rub  too 
vigorously  lest  the  coating  of  laquer  with 
which  the  plates  are  covered  be  worn  off. 
In  addition  to  keeping  the  machine  clean 
it  is  of  great  importance  to  have  the  air 
in  the  case  as  dry  as  possible.  It  is  often 
necessary  to  dry  the  air  in  the  machine 
by  means  of  chloride  of  calcium  which 
is  placed  on  a  tray  and  put  in  the  case. 
It  is  proper  to  use  the  fused  calcium,  in 
lumps.  The  machine  must  run  smoothly 
and  easily.  The  motion  of  the  plates  is 
opposite  to  the  movements  of  the  hands 
of  a  watch,  i.  e.,  from  right  to  left.  Let 
us  remember  in  this  connection  that  the 
size  of  the  plates  determines  the  electro- 
motive force  of  the  current  produced. 
The  larger  the  plate,  the  higher  the  volt- 
age. The  number  of  the  plate?'  deter- 
mines the  strength  of  the  current.  The 
more  plates,  the  greater  the  amperage. 

In  using  a  static  machine,  the  first  im- 
portant point  to  be  remembered  is  the 
manner  in  which  the  polarity  of  the  cur- 
rent can  be  recognized.  Put  the  hori- 
zontal sliding  rods  one  inch  apart  and 
notice  the  spark.  One  end  of  it  is  bright, 
the  other  purple.  The  bright  end  of  a 
one-inch  spark  is  the  positive  side,  the 
purple  end  is  the  negative  side.  Pull  the 
rods  away  from  each  other  and  cause  a 
spark  of  four,  five  or  more  inches  to  pass. 
The  conditions  will  be  reversed.  The 
bright  end  is  negative  and  the  purple 
end  is  positive.  Remember  that  the  po- 
larity of  a  static  machine  is  liable  to 
change.  It  is  proper  to  test  it  before 
using  the  machine. 

The  ordinary  way  in  which  a  static 
machine  is  used  is  by  placing  the  person 
to  be  treated  on  a  specially  insulated 
stool  or  platform  and  connecting  the 
stool  or  platform  with  either  the  positive 
or  the  negative  side  of  the  machine  by 
means  of  a  chain  or  a  rod.  Which  side 
is  to  be  connected,  depends  on  conditions 
which  we  will  have  occasion  to  consider 
later  on.  The  side  which  is  not  con- 
nected with  the  stool  or  platform  (and 
through  these  with  the  patient),  is  either 
left  unconnected  or  is  grounded  by  at- 
taching a  wire  to  it  and  connecting  the 
wire  with  a  gas  pipe,  a  water  pipe  or 
anything  else  that  will  allow  the  current 


to  reach  the  ground.  The  machine  being 
started,  the  patient  receives  a  charge 
from  the  side  of  the  machine  with  which 
he  is  connected.  This  kind  of  an  appli- 
cation is  the  simplest  form  of  a  static 
treatment  and  is  called  a  static  insulation, 
negative  or  positive,  depending  on  which- 
ever side  is  connected.  There  being  but 
one  pole  used,  the  application  is  known 
as  a  "unipolar"  or  "monopolar"  applica- 
tion. 

In  Fig.  8  are  shown  a  number  of  elec- 
trodes used  in  giving  bi-polar  treatments 
(both  poles  used). 

Each  one  of  these  electrodes  has  a 
hard-rubber  handle  which  is  grasped  by 
the  hand  of  the  operator.  The  electrode 
is  connected  with  the  positive  or  nega- 
tive side  of  the  machine,  the  platform 
upon  which  the  patient  sits  or  stands 
being  in  the  circuit  of  the  other  side. 
The  character  of  the  electric  discharge 
(spark,  brush,  spray)  will  depend  upon 
the  kind  of  electrode  used.  If  the  dis- 
charging end  of  the  electrode  is  a  round, 
uniform  surface  like  a  ball,  there  will 
be  a  tendency  towards  accumulation  of 
the  electric  energy.  When  a  discharge 
ultimately  takes  place,  it  will  be  in  the 
form  of  a  spark.  The  discharge  will  be 
concentrated,  not  split  up.  The  larger 
the  discharging  surface,  the  thicker  the 
spark.  If  the  ball  is  small,  a  long,  slen- 
der spark  will  be  the  result.  If  the  dis- 
charging end  of  the  electrode  is  uneven 
or  even  pointed,  the  elecricity  will  not  be 
retained  but  will  escape  either  in  the  fonu 
of  multiple  small  sparks  or  a  spray,  es- 
pecially if  the  end  of  the  electrode  rep- 
resents many  sharp  points.  If  the  end  of 
the  electrode  offers  many  sharp  points 
for  the  escape  of  the  current,  the  result 
will  be  the  formation  of  a  fine  spray  and 
a  general  electrification  of  the  air  in  the 
vicinity  of  the  electrode.  The  molecules 
of  the  air  will  be  violently  agitated,  giv- 
ing the  patient  the  sensation  of  a  breeze 
of  wind.  This  application  of  static  elec- 
tricity by  means  of  the  crown  electrode 
placed  over  the  head  of  the  patient  is  one 
of  the  most  effective  and  popular  modes 
of  static  treatment.  It  may  be  well  to 
add  that  the  voltage  of  static  currents  is 
very  high.  It  requires  more  than  five 
thousand  volts  to  drive  a  spark  across  an 
air  space  of  1-10  inch. 

If   the   platform    upon    which    the    pa- 
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tient  sits  or  stands  is  connected  with  one 
side  of  the  machine,  the  connecting  chain 
being  hooked  over  the  horizontal  sliding 
rod  of  that  side  and  its  other  end  being- 
attached  to  the  platform,  and  the  elec- 
trode with  which  the  treatment  is  being 
administered  is  attached  to  the  other 
horizontal  sliding  rod  by  means  of  a 
chain,  the  patient  is  said  to  be  in  the 
direct  circuit  of  the  machine.  The  treat- 
ment is  a  "direct"  application  of  static 
electricity.  If  the  electrode  is  not  at- 
tached to  the  machine  but  to  a  gas  fix- 
ture, or,  for  that  matter,  to  any  conduc- 
tor connected  with  the  earth,  the  ma- 
chine having  previously  been  grounded, 


Thus  he  may  receive  a  positive  or  a  nega- 
tive static  insulation. 

"Direct  positive  sparks"  are  produced 
by  connecting  the  platform  with  the 
negative  side  and  a  ball  electrode  with 
the  positive  side.  If  the  platform  is  con- 
nected positively  and  the  ball  electrode 
negatively,  the  result  will  be  "direct 
negative  sparks."  If  the  platform  is  con- 
nected negatively  and  the  positive  side 
of  the  machine  is  grounded,  the  ball  elec- 
trode carrying  the  current  from  the 
earth,  the  result  is  "indirect  positive 
sparks."  Reverse  the  conditions  and  you 
produce  "indirect  negative  sparks."  Sub- 
stitute  a  sharp  pointed  or    a    large    or 


FIG.    11.     TOEPLER-HOLTZ   MACHINE   WITH    SMALL  PLATES. 


the  circuit  is  called  a  grounded  or  indi- 
rect circuit.  The  patient  receives  what  is 
known  as  an  "indirect"  application.  The 
circuit  is  completed  through  the  earth. 
Grounding  the  circuit  increases  the  po- 
tential of  the  current. 

By  way  of  fixing  a  few  common  terms 
in  our  minds,  let  us  recapitulate : 

A  "static  insulation"  is  an  application 
administered  by  putting  the  patient  on 
the  platform  and  connecting  the  latter 
with  one  or  the  other  side  of  the  machine. 
The  unengaged  side  of  the  machine  is 
grounded.  No  electrode  is  used  to  com- 
plete the  circuit.  The  patient  only  gets 
the  current  from  one  side  of  the  machine. 


small  crown  electrode  for  the  ball  elec- 
trode, and  make  the  attachments  in  pre- 
cisely the  same  manner.  The  result  will 
be  a  "direct  positive  breeze,"  a  "direct 
negative  breeze,"  an  "indirect  positive 
breeze,"  or  an  "indirect  negative  breeze." 
Let  us  put  the  horizontal  sliding  rods 
close  together,  leaving  no  spark  gap.  Let 
the  wires  be  attached  to  the  outer  arma- 
tures of  the  Ley  den  jars.  We  will  then 
get  a  circuit  of  a  current  that  is  not  prop- 
erly a  primary  static  current.  It  is  a 
secondary  or  induced  current  generated 
in  the  outer  armatures  of  the  jars,  the  in- 
tensity of  the  current  depending  on  the 
character  of  the  primary  discharge  which 
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takes  place  between  the  sliding  rods  the 
moment  they  are  separated.  The  longer 
the  spark,  the  more  induction  in  the  outer 
armatures  of  the  jars.  This  current  is 
generally  known  as  a  "static  induced 
current.''  It  is  a  current  of  very  high 
voltage.  If  it  is  interrupted  and  applied 
suddenly,  the  full  charge  of  the  jar  emp- 
tying itself  at  once,  it  is  not  without  dan- 
ger. It  is  very  painful  by  violently  con- 
tracting the  muscles.  It  is  capable  of 
completely  paralyzing  a  muscle  for  the 
time  being.  If  the  muscular  tissue  thus 
violently  contracted  is  near  the  heart,  the 
result  might  be  more  or  less  serious.  An 
exciting  but  not  dangerous  experiment 
can  be  made  in  the  following  manner.  ^ 

Close  the  spark-gap  between  the  slid- 
ing rods.  Short-circuit  the  outer  arma- 
tures of  the  Leyden  jars  by  connecting 
them  (a  metal  rod  or  chain  will  do). 
Some  machines  have  a  special  short-cir- 
cuiting device  for  this  purpose.  Attach 
a  wire  with  a  metal  handle  to  the  outer 
armature  of  one  jar.  Attach  another 
wire  with  a  metal  handle  to  the  outer 
armature  of  the  other  jar.  Let  any  num- 
ber of  people  join  hands,  the  persons  on 
the  ends  holding  the  metal  handles.  Now 
start  the  machine.  Separate  the  sliding 
rods  slowly  and  watch  for  the  effect.  It 
will  be  most  startling  and  amusing. 

Fig.  11  shows  a  machine  of 
the  Toepler-Holtz  type  with  a  set  of 
smaller  plates  that  serve  as  a  generator 
to  "influence"  current-production.  This 
type  of  machine  is  very  popular  in  the 
East.  In  Europe  it  is  sometimes  referred 
to  as  the  "American"  type. 

(To  be  continued.) 

A  FOUR-YEAR-OLD  TELEGRAM. 

Telegraphing  to  the  stars  would  be  a 
tedious  matter.  The  transmission  of  a 
telegraphic  message  over  a  wire  to  Alpha 
Centauri  would,  indeed,  tax  the  patience 
of  all  concerned.  The  key  is  pressed 
down,  the  circuit  is  complete,  the  mes- 
sage bounds  off  on  its  journey;  it  wings 
its  way  along  the  wire  with  a  velocity 
sufficient  to  carry  it  180,000  miles  in  a 
single  second  of  time.  Even  this,  the 
nearest  of  the  stars,  is,  however,  sunk 
into  space  to  a  distance  so  overwhelm- 
ing that  the  message  would  be  four 
years  on  the  wire  before  reaching  its 
destination. 


WHAT    TO    DO    FOR    ELECTRIC   SHOCK. 

Every  man  engaged  around  an  elec- 
tric plant  should  study  and  practice  the 
means  of  resuscitation  so  plainly  de- 
scribed in  the  May  number  of  Popular 
Electricity,  until  he  is  able  to  work  at  it 
as  automatically  as  he  winds  an  arma- 
ture. There  is  another  and  later  means 
of  saving  life  jeopardized  by  high  ten- 
sion currents,  with  which  every  electri- 
cian professional  and  amature  should  be 
as  familiar  as  he  is  with  his  pliers.  This 
later  method  seems  simpler  and  has  the 
same  basic  principle  of  inducing  breath- 
ing when  respiration  has  stopped  from 
any  cause  affecting  the  nervous  system. 

The  injured  man  should  be  placed 
with  his  head  hanging  over  a  rolled  coat, 
a  small  armature,  or  other  cylindrical 
object,  exactly  as  described  in  the  pre- 
vious article.  The  jaws  should  be  opened 
and  held  apart  by  a  piece  of  wood  of  con- 
siderable size,  as  told  in  the  May  num- 
ber. The  tongue  should  be  pulled  out  by 
the  same  means  described  there.  The 
new  principle  is  that  the  slow,  hard, 
rhythmical  stretching  and  releasing  of 
the  tongue  is  perhaps  the  most  efficient 
means  of  starting  breathing  in  these 
cases. 

Grasp  the  tongue  with  pliers,  or  a 
handkerchief  or  rag  held  in  the  hand ; 
pull  it  out  as  far  as  possible;  let  it  go 
back  until  it  is  loose ;  pull  it  out  on  a 
hard  stretch  again ;  loosen  it  again ;  al- 
ternately pull  it  hard  taut  and  release  it 
— do  this  not  faster  than  once  every 
three  seconds.  Three  seconds  is  a  very 
long  time  under  such  circumstances,  and 
is  the  time  required  for  an  excited  man 
to  count  from  six  to  ten ;  it  is  well  to 
count  three  during  the  stretching  of  the 
tongue  and  three  while  it  is  being  re- 
leased. Above  all  things  be  deliberate — 
and  this  applies  to  the  arm  and  chest 
method  in  the  May  number  as  well  as  to 
this  tongue  stretching  procedure. 

The  tongue  is  apt  to  be  injured  a  lit- 
tle by  the  amateur  practicing  this  meth- 
od with  a  pair  of  pliers ;  but  a  live  man 
with  a  sore  tongue  is  worth  more  than 
a  dead  man  with  a  perfect  tongue.  The 
patient  will  not  feel  any  pain  at  the  time, 
and  the  soreness  afterward  will  soon  dis- 
appear. So.  if  you  make  the  tongue 
bleed  a  little,  simply  keep  the  blood 
wiped  off  and  go  ahead.     A  sharp  hook 
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of  small  caliber  may  be  used  instead  of 
pliers  or  the  handkerchief  to  hold  the 
tongue. 

Fig.  i  in  the  May  article  illustrates 
the  method  described  above,  and  in  the 
picture  the  tongue  is  being  pulled  out. 
Some  people  will  be  more  effective  if 
they  will  sit  beside  the  body  and  pull  the 
tongue  out  over  the  chin.  It  is  interest- 
ing— and  nothing  is  more  valuable — to 
spend  some  time  at  noon  practicing 
means  of  saving  life  on  one  another,  for 
after  such  practice  the  method  comes  as 


TROLLEY  CAR  AS  A  MOVING  VAN. 

Moving  household  goods  by  electric 
car  is  the  latest  innovation  by  means  of 
which  a  railway  company  can  serve  the 
community.  The  Conestoga  Traction 
Company  of  Lancaster,  Pa.,  has  solved 
this  problem  successfully.  At  present 
most  of  the  moving  is  done  at  night.  An 
occasional  job  is  handled  in  the  daytime, 
the  car  being  loaded  between  schedules. 
Moving  is  not  done  from  one  part  of  the 
city  to  another,  but  from  some  point  in 
the  city  to  the  country  or  vice  versa.  The 
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natural  as  throwing  a  switch  in  time  of 
danger.  In  practicing  this  tongue 
stretching  method  on  a  conscious  subject, 
only  the  handkerchief  hold  should  be 
taken  on  the  tongue  to  prevent  unneces- 
sary pain. 

The  most  important  point  of  all  is  pa- 
tience and  persistence.  Do  not  stop 
short  of  an  hour  with  an  apparently  dead 
man.  Disregard  the  undertaker,  if  he 
comes  quickly,  and  even  a  doctor  who 
gives  up  too  soon.  Cases  are  on  record 
from  trustworthy  sources  of  men  who 
have  been  saved  by  this  tongue  stretch- 
ing method  an  hour  after  competent 
physicians  agreed  with  everybody  around 
that  the  man  was  stone  dead  from  elec- 
tric shock.  The  actual  observations  are 
almost  past  belief.  Above  all  things, 
don't  give  up. 

G.  Walter  Barr,  M.  D. 


accompanying  picture  is  a  good  view  of 


one  of  the  moving  car's. 


NAVAL  ELECTRICIANS  IN  DEMAND. 

A  vigorous  canvass  for  electricians  for 
the  United  States  Navy  has  commenced. 
The  increasing  use  of  electricity  in  the 
operation  of  Uncle  Sam's  battleships  has 
rendered  an  increase  in  the  number  of 
technical  men  in  the  navy  imperative.  A 
man  does  not  have  to  be  an  expert  when 
he  enlists  in  the  service,  but  he  must  have 
certain  qualifications  that  will  fit  him  to 
enter  a  special  electrical  school  that  is 
operated  in  the  Brooklyn  Navy  Yard  for 
the  purpose  of  training  men  to  manipu- 
late and  care  for  the  many  types  of  elec- 
trical machines  and  apparatus,  including 
wireless  telegraphy,  used  for  the  various 
purposes  on  board  a  modern  war  vessel. 


NATIONAL  ELECTRIC  LIGHT  CONVENTION. 


Each  branch  of  the  electrical  industry 
has  its  typical  association.  There  is  the 
National  Light  Association  for  the  elec- 
tric lighting  interests,  the  American 
Street  and  Interurban  Railway  Associa- 
tion for  the  electric  railway  interests,  the 
American  Electrochemical  Society,  etc. 
The  great  event  of  the  year  for  electric 
central  station  men  throughout  the  coun- 
try is  the  National  Electric  Light  Associ- 
ation convention,  which  is  held  annually. 


the  members  present.  In  this  way  all  the 
knotty  problems  of  the  business  are 
threshed  out,  and  the  results  accom- 
plished by  the  conventions  are  of  great 
value  to  the  central  station  interests,  the 
papers  and  discussions  being  printed  in 
book  form  and  sent  to  all  the  member 
companies. 

Exhibits  by  the  electrical  manufactur- 
ing companies  assist  to  a  large  extent  in 
making  these  conventions  a  success.     So 


CORNER  OF  EXHIBIT  HALL  AT  N.  E.  L.  A.  CONVENTION. 


The  thirty-first  convention  of  this  asso- 
ciation was  held  in  the  Auditorium  Hotel 
in  Chicago  May  18  to  22  inclusive,  and 
in  many  respects  it  was  the  best  conven- 
tion in  the  history  of  the  organization. 
There  were  nearly  2,000  delegates  and 
guests  registered. 

The  principal  work  of  these  meetings 
is  the  reading  and  discussion  of  papers 
bearing  upon  every  phase  of  the  central 
station  industry.  These  papers  are  pre- 
pared and  delivered  by  men  who  are  rec- 
ognized authorities  in  their  several  lines, 
and  the  discussions  are  entered  into  by 


important  has  this  feature  become  that  of 
late  years  the  manufacturers  have  been 
admitted  to  an  associate  membership  un- 
der a  different  class  from  the  central  sta- 
tion companies.  They  have  their  com- 
mittees who  take  complete  charge  of  the 
exhibit  features  and  the  elaborate  enter- 
tainments which  are  furnished  free  to  the 
delegates  and  their  friends. 

Exhibition  Hall,  on  the  ninth  floor  of 
the  Auditorium  presented  a  scene  of 
beauty  and  activity.  The  exhibits  showed 
the  latest  and  most  approved  electrical 
apparatus,  and  the   scene   was   intensely 
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lighted  by  tantalum  lamps,  tungsten 
lamps,  carbon  arcs  and  flaming  arcs.  The 
picture  herewith  shows  a  small  section  of 
the  exhibit  hall,  enough,  however,  to  give 
an  idea  of  the  beauty  of  the  scene. 

As  showing  the  importance  which  is 
attached  to  the  annual  convention,  it  may 
be  stated  that  a  daily  magazine  was  pub- 
lished during  the  convention  week  by  the 
C.  W.  Lee  Company  of  New  York.  Each 
issue  contained  fifty  pages  and  chroni- 
cled the  complete  doings  of  the  conven- 
tion. 


ELECTRIC  RAIL  WELDING. 

In  order  to  furnish  a  continuous  path 
by  which  current  can  return  to  the  power 
house  after  it  has  passed  from  the  trolley 
wire  through  the  motors  of  a  car,  it  is 
necessary  to  make  a  connection  at  each 


struction  of  the  roadbed  of  the  street 
railway  system  in  Chicago.  The  complete 
outfit  consists  of  four  cars  which  are 
arranged  in  the  order  in  which  they  are 
used  in  making  a  weld. 

The  first  car  is  called  the  "sandblast 
car."  A  fan  driven  by  an  electric  motor 
delivers  a  stream  of  compressed  air. 
Sand  is  introduced  into  the  air  and  the 
blast  is  directed  on  the  rail  where  the 
joint  is  to  be  made,  removing  all  dirt  and 
leaving  the  surface  clean. 

The  second  and  third  cars  carry  all  of 
the  apparatus  necessary  to  make  the  weld 
and  are  shown  in  the  illustration.  A  ro- 
tary converter  is  located  in  the  third  car 
and  is  used  to  change  the  500  volt  direct 
current  from  the  trolley  to  alternating 
current  at  a  pressure  of  300  volts.  It  is 
necessary  to  use  a  potential  regulator  to 
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rail  joint  which  will  let  the  current 
through.  Sometimes  this  is  done  by 
bonding  the  joints  with  copper  wires  or 
strips,  sometimes  by  welding  the  ends 
of  the  rails  together. 

The  accompanying  illustration  from  a 
photograph  shows  the  electric  rail  weld- 
ing outfit  now  being  used  in  the  recon- 


maintain  this  voltage  constant  because  of 
the  variation  in  trolley  voltage.  The  cur- 
rent after  leaving  the  regulator  passes 
through  insulated  cables  to  car  number 
two  and  is  led  into  a  potential  trans- 
former which  is  located  between  the 
welding  jaws.  This  transformer  changes 
the  pressure  of  the  alternating  current  to 
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seven  volts  which  is*  the  pressure  that  is 
used  in  making  the  weld. 

After  the  rails  have  been  thoroughly 
cleaned  by  the  sandblast  car,  two  steel 
blocks  are  placed  across  the  joint  along 
the  web  of  the  rail,  one  on  each  side. 
The  welding  jaws  shown  in  the  picture 
are  then  lowered  and  secure  the  blocks  in 
position.  The  current  is  now  turned  on 
and  about  27,000  amperes  pass  through 
the  rail  from  jaw  to  jaw.  When  the 
metal  has  reached  the  proper  tempera- 
ture for  welding,  a  pressure  of  about 
4,000  pounds  per  square  inch  is  applied 
at  the  jaws  by  means  of  a  hydraulic 
pump  arrangement,  and  current  is  turned 


PHOTOGRAPHING  ELEPHANT  BY  X-RAYS 

In  an  effort  to  locate  a  diamond  ring, 
valued  at  $450,  which  an  elephant  had 
swallowed  accidentally  while  being  fed 
peanuts,  three  expert  X-ray  operators 
and  four  elephant  trainers  worked  a 
whole  day  recently  in  Cincinnati,  photo- 
graphing by  the  X-ray  process  the  entire 
interior  of  the  elephant.  It  is  the  first 
time  in  the  history  of  the  science  that 
X-ray  photographs  have  been  made  of 
an  elephant. 

In  making  the  plates  the  largest  X-ray 
apparatus  ever  made  was  used,  and  the 
manufacturer  himself,  Mr.  J.  R.  Kelley, 
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off.  This  pressure  is  applied  for  about 
five  minutes  and  is  then  removed  and  the 
jaws  are  raised. 

The  jaws  are  kept  cool  by  a  constant 
stream  of  cooling  water  which  is  forced 
through  them. 

Car  number  four  is  then  moved  up  and 
the  top  of  joint  is  ground  off  level  with 
the  track  by  an  electrically  driven  emery 
wheel.  This  wheel  is  so  mounted  that 
it  is  impossible  to  grind  below  the  level 
of  the  rail.  This  completes  the  weld,  the 
whole  operation  requiring  about  fifteen 
minutes. 


of  Covington,  Ky.,  superintended  the 
operation.  The  machine  was  of  the 
Grasse-Flamme  type  of  X-ray  coil,  sup- 
plying current  to  an  eight-inch  Crook's 
tube,  the  largest  made. 

To  find  the  exact  spot  where  the 
missing  ring  was  located  in  the  elephant, 
one  side  of  the  beast  was  marked  off  in- 
to sections  and  numbered.  A  diagram 
was  also  made  with  corresponding  num- 
bers. At  first  it  was  necessary  to  allow 
the  elephant  to  become  accustomed  to  the 
crackling  of  the  X-ray  coil,  an  operation 
which  took  one  hour.     Then,  when  the 
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Crook's  tube  was  held  over  the  first  sec- 
tion of  the  body  and  the  exposure  started, 
the  elephant  became  frightened  at  the 
glare  from  the  tube  and  half  an  hour  was 
consumed  getting  her  accustomed  to  the 
glare.  At  last  the  beast  was  convinced 
that  the  men  did  not  wish  to  do  her 
harm  and  she  lay  comparatively  quiet 
upon  the  plateholder  until  the  plates,  18 
in  all,  had  been  exposed.  The  ring  was 
located  in  the  stomach  of  the  elephant. 


THE    SEISMOGRAPH. 

Of  all  the  modern  aids  to  science  there 
is  none  more  interesting  than  the  elec- 
trically operated  instrument  whereby 
earthquake  shocks  are  recorded.  This 
apparatus,  known  as  the  seismograph,  is 
so  delicate  in  adjustment  and  so  sensitive 
to  earth  tremors  that  it  will  accurately 
record  shocks  even  though  the  scene  be 
thousands  of  miles  from  the  location  of 
the  instrument.  The  instrument  in  pos- 
session of  the  United  States  Weather  Bu- 
reau at  its  headquarters  at  Washington, 
and  which  is  here  illustrated,  not  only 
rendered  a  graphic  record  of  the  San 
Francisco  earthquake  3,000  miles  distant 
but  has  from  time  to  time  conveyed  tid- 
ings of  earthquakes  in  South  America, 
Japan,  etc. 

The  mechanical  principles  involved  in 
the  construction  of  the  seismograph  were 
first  developed  and  applied  to  the  meas- 
urement of  earthquakes  by  James  A.  Ew- 
ing,  who  was  at  the  time  Professor  of 
Mechanical  Engineering  at  the  Universi- 
ty of  Tokio.  Like  many  another  inven- 
tion the  seismograph  was  developed  and 
improved  by  various  experts  until  the 
present-day  apparatus  is,  in  appearance, 
widely  different  from  the  original.  In  its 
present  form  the  seismograph  is  not  only 
well  adapted  to  measure  and  record  or- 
dinary earthquakes  but  will  even  regis- 
ter the  feeble,  unfelt  earthquakes  which 
frequently  occur  in  all  parts  of  the 
world. 

It  is  essential  that  so  delicate  an  in- 
strument be  sheltered  as  much  as  possible 
from  disturbing  influences,  such  as  pass- 
ing wagons,  street  cars,  etc.,  and  accord- 
ingly it  is  secured  to  thick  blocks  of  stone 
which  are  in  turn  cemented  firmly  into  a 
concrete  foundation.  The  chief  feature 
of  the  earthquake  recorder  is  a  horizontal 
pendulum,  supported  on  sharp  steel  points 


and  swinging  with  great  freedom  of  mo- 
tion. The  vibrations  to  be  recorded  are 
reflected  in  the  movement  of  the  delicate- 
ly poised  portions  of  the  apparatus.  A 
prominent  part  is  played  by  a  massive 
lead  weight  which  is  so  arranged  that  it 
will  remain  quite  at  rest  during  an  earth- 
quake, notwithstanding  the  fact  that  the 
earth  and  its  own  supports  are  undergo- 
ing severe  vibratory  displacements. 

The  magnifying  and  recording  lever 
which  is  instrumental  in  writing  down 
the  earthquake's  message  to  science  is 
made  of  a  very  thin  sheet  of  aluminum, 
bent  into  an  inverted  trough-shaped  form 
to  secure  stiffness.  The  record  is  traced 
on  a  sheet  of  smoked  paper  wrapped 
around  a  cylinder.  In  order  that  there 
may  be  the  least  possible  friction  at  the 


Copyright,    1908.    by    Waldon    Faweet't. 
THE    SEISMOGRAPH. 

tracing  point,  the  coating  of  soot  is  made 
re1atively  thin,  and  paper  with  a  highly 
glazed  surface  is  used. 

The  record  cylinder  bearing  the  earth- 
quake chronicle  makes  one  revolution  per 
hour  and  an  ingenious  mechanical  attach- 
ment shifts  the  cylinder  endwise  as  it  re- 
volves so  that  successive  portions  of  the 
record  are  clearly  separated.  Then  there 
is  an  electric  time-marker,  the  magnet  of 
which  is  in  connection  with  a  circuit 
closer  actuated  by  a  high-grade  clock. 
The  circuit  is  closed  momentarily  once 
each  minute  and  causes  a  finger  to  mark 
a    stroke     each    minute   on   the   record. 
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OMAHA  ELECTRICAL  SHOW. 

A  marked  impetus  is  given  to  the 
electrical  industry  by  the  numerous  "elec- 
trical shows"  which  have  now  become  an 
annual  event  in  many  of  the  larger  cit- 
ies of  the  country.  These  exhibitions 
are  both  interesting  and  instructive,  not 
only  to  those  connected  with  the  electri- 
cal industry  but  to  the  layman  as  well. 

In  Omaha,  Neb.,  such  an  exhibition 
was  held,  May  4th  to  9th,  in  the  Audi- 
torium. The  average  attendance  was 
5,000  people   daily,   and   all   the   visitors 


tricity  which  increase  the  comfort  of  the 
modern  home. 

In  all  there  were  120  firms  exhibiting 
at  the  show.  Their  booths  were  brilliant- 
ly lighted  by  night,  many  of  them  con- 
taining moving  displays  which  added  to 
the  beauty  and  animation  of  the  scene. 


ELECTRICITY  AS  A  RESURRECTION 
FORCE. 

Cases  of  resuscitation  after  drowning 
are  some  of  them  so  remarkable  as  to  al- 
most indicate  that  life  could  be  restored 
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were  enthusiastic  over  the  new  applica- 
tions of  electricity  for  the  first  time 
brought  to  their  notice. 

The  main  feature  of  the  show  was  the 
Electric  Cottage,  which  is  shown  in  the 
center  of  the  picture.  This  was  the  ex- 
hibit of  the  Omaha  Electric  Light  and 
Power  Company.  It  contained  nine 
rooms,  all  fitted  with  the  most  up-to-date 
electrical  conveniences,  including  beauti- 
ful lighting  fixtures,  electric  heaters, 
cooking  utensils,  laundry  equipment  and 
the  hundred  and  one  applications  of  elec- 


to  a  body  even  after  the  spirit  had  once 
departed.  Whether  or  not  a  person, 
actually  dead,  can  be  brought  to  life 
is  a  question.  Mr.  Larmandie.  a  member 
of  the  French  Authors'  Society,  says  that 
this  is  possible,  and  that  three  physicians 
of  his  acquaintance  who  are  famous  in 
the  scientific  world  actually  succeeded  in 
bringing  to  life  the  dead  body  of  a  young 
girl  who  had  been  dead  three  hours.  The 
doctors  affirm  that  she  was  dead.  They 
worked  at  the  body  for  three  hours,  elec- 
trified it.  kneaded  it  in  tepid  water,  burnt 
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it   with   sulphuric   acid,   brought   it  to   a 
semblance  of  life  and  made  it  speak. 

It  is  reported  that  the  girl  was  able  to 
relate  a  most  wonderful  experience.  She 
said  that  her  mind  seemed  to  leave  her 
body  which  was  intensely  cold.  There 
seemed  to  be  a  connecting  force,,  how- 
ever, which  suddenly  broke,,  like  an  in- 
finitesimal electric  spark.  When  the  girl 
regained  consciousness  she  was  in  a  state 
of  great  excitement.  She  afterwards  died 
in  reality  from  the  effects  of  morphine 
given  to  quiet  her. 

Feelings  described  by  the  patient 
would  seem  to  be  the  fancies  of 
a  disordered  mind.  However,  it  is  not 
beyond  the  limits  of  possibility  that  there 
was  actual  restoration  of  life.  There  are 
unseen  forces,  be  they  electrical  or  other- 
wise, which  are  beyond  the  grasp  of  sci- 
entists of  the  present  day.  Enough  has 
been  observed  to  indicate  that  some  day 
these  forces  will  be  understood  and 
things  which  now  seem  impossible  will  be 
explained. 

A  LUXURIOUS  STABLE. 

Xot  every  horse  can  spend  his  hours 
of  leisure  in  a  carpeted  stable  with  gild- 
ed stalls  lighted  by  the  soft  glow  of 
beautiful  electric  ceiling  lights.  Such 
conditions  do  fall  to  the  lot  of  some 
horses,,  however,  and  the  accompaning 
picture  is  intended  to   show  how  really 
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comfortable  a  stable  may  be  made.  A 
further  application  of  electricity  sug- 
gests itself  as  a  possible  improvement, 
that  is,  electric  heaters  for  the  stalls,  and 
the  horses  would  also  no  doubt  prefer 
to  have  their  hot  bran  mashes  prepared 
in  individual  electric  chafing  dishes. 


THE  AUTO-TELEGRAPH   CAR. 

The  United  States  Government  has  re- 
cently undertaken  to  utilize  automo- 
biles in  several  novel  ways.  Probably 
the  most  interesting  of  these  is  exempli- 
fied in  the  auto-telegraph  car  constructed 
for  the  Signal  Corps  of  the  U.  S.  Army. 
Xot  only  is  this  telegraph  car  the  most 
important  war  automobile  which  has 
been  perfected  in  America,  but  it  is  likely 
to  prove  of  greater  practical  utility  than 
any  military  motor  employed  by  any  oth- 
er nation. 

In  so  far  as  structural  details  and  oth- 
er technical  features  are  concerned  the 
auto-telegraph  car  conforms  very  closely 
to  a  standard  high  power,  long  distance 
touring  car  of  the  YVinton  type,  with  the 
exception  that  instead  of  the  ordinary 
tonneau  this  car  has  a  specially  designed 
tonneau  that  is  exceptionally  roomy  and 
is  provided  with  seats  along  both  sides, 
the  occupants  of  which  face  one  another. 
In  front,  arranged  in  the  approved  plan 
for  such  machines,  are  the  seats  for  the 
driver  of  the  car  and  his  assistant. 

The  first  consideration  in  designing 
this  car  was  the  provision  of  ample  space 
for  the  storage  of  instruments,  wire  and 
other  equipment.  To  this  end  spacious 
lockers  have  been  provided  under  the 
seats  and  elsewhere  in  the  body  of  the 
machine.  Inasmuch  as  the  Signal  Corps 
is  now  making  use  in  its  line  work  of  a 
wire  so  light  and  fine  that  a  reel  of  it  can 
be  carried  in  a  man's  pocket,  it  goes 
without  saying  that  a  considerable  quan- 
tity of  wire  can  be  stowed  away  in  the 
compartments  of  the  car. 

At  the  sides  of  the  car  are  racks  on 
which  are  carried  considerable  numbers 
of  lances  or  light  poles  which  may  be  em- 
ployed in  stringing  a  temporary  over- 
head telephone  or  telegraph  line  when 
other  supports  for  the  wire  are  not  avail- 
able. 

The  principal  function  of  the  auto-tele- 
graph car  is  the  construction,  mainte- 
nance and  operation  of  temporary  or  per- 
manent telephone  and  telegraph  lines  for 
military  purposes.  Especially  is  it  useful 
as  a  moving  base  of  supplies  in  the  erec- 
tion of  a  telephone  or  telegraph  line  con- 
necting a  military  post  or  other  head- 
quarters with  a  force  in  the  field.  Here- 
tofore it  has  been  almost  impossible  to 
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keep  pace  in  the  erection  of  a  communi- 
cative line  with  the  march  of  a  rapidly 
moving  field  force,  especially  when 
troops  in  the  field  operate  under  secret 
orders,  making  it  impracticable  to  dis- 
patch a  telegraph  corps  in  advance.  The 
auto-telegraph  car,  however,  enables  a 
detachment  of  the  Signal  Corps  to  keep 


transmitting  instruments  and  can  be 
brought  to  a  standstill  at  any  point  dur- 
ing the  erection  of  a  line  or  where  a  wire 
system  already  exists,  and  communication 
may  instantly  be  established  with  the  ter- 
minus of  the  line,  or  any  intermediate 
point.  The  equipment  of  the  car  also  in- 
cludes improved  "sounders"  which  ren- 
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pace  with  the  most  rapidly  moving  force 
of  infantry  or  artillery  and  even  hold 
their  own  with  a  "flying  squadron"  of 
cavalry. 

Equally  significant  are  the  possibilities 
of  this  new  invention  as  a  portable  field 
telegraph  and  telephone  station.  The  car 
is    fully    equipped     with    receiving   and 


der  possible  the  receipt  and  transmission 
of  messages  without  regard  to  the  roar 
of  artillery  or  other  distractions.  The 
detachment  of  the  Signial  Corps  in 
charge  of  this  car  embraces  eight  men. 
including  two  telegraph  and  telephone 
operators,  a  driver  and  assistant  and  tour 
linemen. 


WIRELESS  TELEGRAPHY  MADE  SIMPLE. 


BY  V.   H.  LAUGHTER. 

PART  III. 

WIRELESS    RECEIVING   ENDS. 


At  the  receiving  end  of  a  wireless  sta- 
tion there  are  two  general  types  of  de- 
tecting apparatus  employed,  those  of  the 
metal-filing  type,  which  are  used  in  con- 
nection with  the  automatic  tapping  de- 
vice, and  those  which  are  self-restoring, 
used  in  connection  with  the  telephone 
receiver.  Of  the  two  types  the  metal 
filings  type  has  enjoyed  a  wide  popularity 
and  is  still  in  use  to  a  certain  extent. 
The  self-restoring  coherer,  or  better 
known  detector,  however,  is  far  more 
sensitive  and  reliable  in  it's  operation. 
The  rate  at  which  messages  can  be  re- 
ceived is  also  increased  to  a  large  extent 
by  the  self-restoring  kind,  due  to  the 
fact  that  the  tapping  device,  which  is 
slow  in  operation,  yet  necessary  to  the 
metal  filing  coherer,  has  been  done  away 
with. 

The  metal  filing  coherer  is  still  in  use 
by  a  number  of  systems,  but  mainly  that 
of  Slaby-Arco  manufacture,  which  em- 
ploys a  vacuum  coherer  in  connection 
with  a  polarized  relay  of  high  sensibility. 
the  automatic  tapping  device  and  Morse 
register.  There  are  yet  other  types  of 
coherers  used  with  the  relay  such  as  the 
Lodge-Muirhead  revolving  coherer,  the 
Castelli  electromagnetic  and  others. 
However,  the  metal  filing  coherer  is  fully 
as  good  and  not  so  difficut  in  operation 
as  those  named  above. 

Coherers  of  the  self-restoring  kind 
cannot  be  used  in  connection  with  the  re- 
lay, as  the  high  resistance  across  the  co- 
herer contacts  will  not  allow  sufficient 
current  to  flow  through  to  actuate  the  re- 
lay. A  telephone  receiver  is  used,  how- 
ever, which  is  far  more  sensitive. 

The  best  known  self-restoring  detect- 
ing devices  are  the  liquid  detector,  car- 
borundum detector  and  silicon  detector. 

The  liquid  detector  invented  by  Prof. 
Fessenden,  was  the  first  of  the  above 
named  to  come  into  actual  use,  and  is 
now  being  employed  by  the  leading  wire- 
less companies  and  the  Naval  service,  as 
well  as  the  carborundum  and  silicon 
types.  In  construction  it  is  very  simple 
and  consists  of  the  point  of  an  extremely 


fine  platinum  wire  touching  a  solution  of 
dilute  nitric  acid,  or  other  electrolyte, 
with  a  second  contact  in  the  solution. 

The  simplest  form  is  shown  in  Fig. 
15,  which  comprises  a  thin  platinum  wire 
soldered  in  the  slit  of  a  thumb  screw 
which  works  through  a  metal  standard. 
Under  the  thumb  screw  is  placed  a  glass 
cup  containing  the  electrolyte  and  with 
platinum  contact  soldered  in.  Connec- 
tion is  made  from  the  aeiral  wire  to  the 
standard  bearing  the  platinum  wire  in 
the  thumb  screw,  and  from  the  contact  ia 
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A  —Battery. 
B  -  Receiver. 
E-  Contact  in  cup. 
F  —  Glass  cap. 
G  —  Brass  Frame . 
H  -  Thumb  Screw. 

FIG.    15.     SIMPLE    LIQUID    COHERER. 


the  glass  cup  to  the  ground.  The  tele- 
phone receiver  and  battery  are  in  series 
across  the  contacts  as  shown  in  the  plan, 
with  the  positive  side  of  the  battery  pole 
leading  to  the  platinum  point. 

In  action  the  current  from  the  battery 
flows  through  the  thin  platinum  point 
and  in  doing  so  sets  up  polarization 
around  it,  which  means  an  accumulation 
of  oxygen  gas  around  the  wire,  thereby 
insulating  it  from  the  electrolyte  and 
preventing  farther  flow  of  the  current. 

If  the  key  at  the  transmitting  station 
is  now  pressed  and  the  circuit  closed, 
which  starts  the  transformer  or  other 
high  frequency  apparatus,  waves  will  be 
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spread  out  in  all  directions,  of  which  a 
certain  portion  will  enter  the  elevated 
aeiral  wire  at  the  receiving  end  and  flow 
through  the  thin  platinum  wire  on  the 
path  to  the  ground,  thereby  breaking 
down  the  insulating  medium  of  oxygen 
gas  surrounding  the  wire  and  allowing 
the  current  from  the  local  battery  to  flow 
through  the  receiver,  giving  a  hissing 
sound  which  is  in  duration  to  the  incom- 
ing wave. 

In  practice  it  is  found  necessary  to 
introduce  some  form  of  variable  resist- 
ance in  circuit  with  the  battery  and  de- 
tector in  order  that  enough  current  may 
be  allowed  to  flow  to  the  platinum  point 
for  the  polarization  to  be  set  up,  yet  not 
strong  enough  to  break  down  the  insula- 


A—  Silicon  Button. 

B—  Frame . 

C—  Thumb  Screiu 

D—  Telephone  Receiver- 

FIG.    16.     SILICON    DETECTOR. 

tion.  The  best  method  for  finding  the 
exact  point  is  to  move  the  slide  wire  of 
the  resistance  until  the  hissing  noise  in 
the  receiver  is  heard  no  longer.  Thus 
we  have  in  the  detector,  as  well  the  co- 
herer and  other  detecting  apparatus  a 
wonderfully  sensitive  balance  which  is 
maintained  by  a  local  battery  current  and 
overthrown  by  the  incoming  wave,  which 
is  restored  to  the  first  state  by  its  own 
action  or  automatic  means. 

Carborundum  and  silicon  detectors  of 
later  manufacture  are  fully  as  sensitive 
as  the  liquid  detector  and  have  gained  a 
wide  popularity  owing  to  the  simplicity 
and  ease  by  which  they  are  handled.  The 
carborundum  detector  consists  of  a  loose 
mass  of  carborundum  crystals  against 
which  rest  two  contacts  with  other  con- 
nections made  as  for  the  detector.  Either 


side  of  the  contacts,  however,  may  lead 
to  the  aeiral  or  ground.  The  crystals 
used  should  be  in  the  purest  state  and 
for  this  reason  it  may  be  necessary  to 
test  out  quite  a  lot  of  the  crystals  before 
getting  the  kind  which  give  the  best  re- 
sults. The  frame  for  this  detector  may 
be  of  any  form  which  will  support  a 
quantity  of  the  loose  crystals. 

The  silicon  detector,  Fig.  16,  is 
quite  novel  in  operation  owing  to  the 
absence  of  any  local  battery,  the 
current  being  set  up  by  ther- 
mal action,  a  phenomenon  which  is 
evident  when  two  dissimilar  metals  are 
joined  and  heated.  In  this  case  silicon 
and  brass  are  used,  although  other  metals 
can  be  used  in  place  of  the  brass.  The 
detector  consists  of  a  silicon  button 
against  which  rests  the  brass  point  of  a 
thumb  screw  with  fine  micrometer  ad- 
justments. The  brass  point  is  connected 
to  the  aeiral  wire  and  the  ground  to  the 
silicon  button.  High  wound  telephone 
receivers  are  bridged  across  the  two  con- 
tacts. The  wave  current  flows  through 
the  two  dissimilar  Contacts  on  the  path 
to  the  ground  and  sets  up  a  certain  de- 
gree of  heat,  thereby  generating  the 
thermo-current  which  gives  the  indica- 
tion in  the  telephone  receivers.  This  de- 
tector also  works  without  the  tuning  ac- 
cessories necessary  to  other  receiving 
sets. 

In  Part  II,  the  tuning  of  the  sending 
end  was  taken  up.  In  the  following- 
paragraphs  the  tuning  of  the  receiving 
end  will  be  explained,  so  that  both  sets 
will  work  in  sharp  resonance  with  one 
another.  By  this  we  mean  that  a  wave 
of  a  certain  period  and  frequency  sent 
out  from  the  transmitting  end  will  pro- 
duce the  maximum  results  at  the  receiv- 
ing end  when  the  regulation  of  the  tun- 
ing coil  is  set  at  the  point  of  the  same 
wave  length. 

For  tuning  at  the  receiving  end  we  em- 
ploy a  tuning  coil,  regulating  rheosat, 
telephone  receivers  and  battery  in  con- 
nection with  the  detecting  device,  unless 
a  detector  is  used  such  as  the  silicon. 
where  no  local  battery  is  used. 

A  inning  coil  as  shown  in  Fig.  17  is 
used.  It  consists  of  a  cylindrical  frame 
wound  with  115  turns  of  No,  iS  bare 
tinned  copper  wire,  the  turns  being  3-32 
of  an  inch  apart.     Slide  wire  contacts  are 
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provided  which  work  up  the  frame  and 
make  contact  with  various  portions  of 
the  wire.  The  scale  is  provided  in  order 
that  the  operator  may  note  the  number 
of  turns  to  use  with  a  station  of  a  certain 
wave  length.  In  Fig.  18  is  shown  the 
complete  arrangement,  with  letters  which 
indicate  the  special  parts. 

Before  tuning  the  set  the  adjustment 
of  the  detector  should  be  taken  up.  The 
telephone  receiver  is  placed  to  the  ear 
and  the  thumb  screw  run  down  until  the 
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FIG.    17.     TUNING    COIL. 

point  touches  the  electrolyte,  a  hissing 
noise  will  now  be  heard  in  the  receiver. 
Next  run  the  slide  contact  up  the  resist- 
ance frame  (E)  throwing  more  resist- 
ance in  the  circuit  until  the  hissing  noise 
ceases. 

The  tuning  can  be  brought  about  by  a 
number  of  different  methods.  There  are 
also  several  styles  of  wave  meters  on  the 
market  which  are  worked  by  placing 
near  the  tuning  arrangement  of  the  send- 
ing end,  a  second  coil.  The  induction 
of  the  first  tuning  coil  is  picked  up  by  a 
second  coil  which  terminates  in  a  tube  of 
mercury  drawn  to  a  thread.  This  heats 
the  thread  of  mercury  and  raises  it  in  the 
tube,  and  a  reading  is  taken  from  a  pre- 
determined scale  from  which  the  wave 
length  is  figured.     The  receiving  tuning 


coil  is  now  placed  to  this  wave  length, 
when  the  two  will  be  in  resonance,  and 
will  respond  clearly.  A  second  metnod 
is  by  use  of  a  hot  wire  ammeter,  the 
ammeter  being  placed  in  the  circuit  with 
the  aerial  radiating  wire.  As  is  well 
known,  the  hot  wire  ammeter  depends  on 
the  heating  effects  of  the  current  flowing 
through,which  distends  a  wire  that  works 
the  indicating  lever.  When  placed  in  the 
aerial  wire  the  indicating  lever  will  move 
to  a  certain  degree  depending  on  the 
heating  effect  of  the  emmitted  current. 
From  the  point  of  the  lever  is  obtained 
the  reading  from  which  the  wave  length 
is  figured  out.  All  the  above  named 
plans  cannot  be  carried  out,  however, 
without  the  use  of  expensive  and  accu- 
rate apparatus  which  is  not  usually  in 
the  reach  of  the  every-day  investigator, 
and  for  this  reason  a  more  simple  plan, 
one  hardly  so  reliable,  will  be  given. 

Considering  that  all  the  instruments 
have  been  connected  at  both  sending  and 
receiving  end  we  may  begin  the  tuning. 
The  operator  at  the  sending  end  sends 
out  a  certain  letter  at  certain  intervals, 
of  say  one  minute  each,  he  continues  to 
send  and  regulate  the  movable  contact 
over  his  tuning  coil,  noting  at  what 
points  the  adjustments  are  made.  At  the 
receiving  end  the  operator  moves  the 
slide  wire  contacts  of  his  tuning  coil  syn- 
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FIG.    18. 


A  —  Receiving  tuning  coil. 

B  -  Adjustable  Condensor. 

C  -  Detector. 

D  —  Telephone  Receiver. 

E  -  Rheostat . 

F  —  Local  Battery. 

CONNECTIONS    AT    RECEIVING 
END. 


chronously  with  the  sending  end.  When 
the  joint  is  reached  where  the  clearest  in- 
dications are  heard,  note  is  made  of  the 
time  and  compared  with  the  operator  at 
the  sending  end.  It  will  be  well,  how- 
ever, to  go  over  this  operation  several 
times  so  that  the  best  point  will  be  found. 
The  condensor  (B)  which  is  used  in 
the  receiving  circuit  can  be  made  of 
three  two  inch  by  two  inch  sheets  of 
tinfoil  pasted  on  thin  mica  sheets,  so  that 
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the  capacity  can  be  varied  by  sliding  the 
two  apart. 

The  majority  of  wireless  systems  em- 
ploy their  own  special  device  for  receiv- 
ing as  well  as  for  transmitting.  Below  is 
given  the  receiving  circuits  of  the  sys- 
tems, designed  to  work  in  conjunction 
with  the  sending  ends  as  given  in  Part 
II. 

The  receiving  end  of  the  Stone  system 
embodies  a  number  of  special  features. 
In  Fig.  19  is  shown  the  complete  ar- 
rangement which  is  especially  designed 
to  work  without  interference  from  other 
sets.  As  shown  in  the  plan  step-up 
transformers  are  used  which  increase  the 
receiving  ratio  to  a  certain  extent.  An 
inductance  coil  is  inserted  in  the  aerial 


FIG.  19. 


RECEIVING  END  OF  STONE 
SYSTEM. 


wire  which  gives  a  larger  range  of  regu- 
lation. The  condensors  with  the  arrows 
across  are  variable,  while  the  one 
marked  with  the  cross  is  fixed. 

The  Massie  circuit  is  shown  in  Fig. 
20  and  much  resembles  the  ordinary 
tuned  circuit  with  the  exception  of  the 
condensor,  which  is  fixed.     The  tuning 
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FIG.  20.     RECEIVING  END,  MASSIE  SYSTEM. 

coil    regulation    is   also   some    different. 
This  system  also  employs  a  very  sensi- 


tive and  simple  device  known  as  the  oscil- 
laphone  for  the  detection  of  the  incoming 
wave.  The  oscillaphone  consists  of  two 
carbon  blocks  filed  to  a  knife  edge  and 
mounted  on  a  wood  base  with  a  light 
sewing  needle  laid  across  the  top.  The 
other  connections  are  the  same  as  made 
for  the   detector.     While  this  device  is 
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FIG.  21.     FESSENDEN  DETECTING  CIPvCUIT. 

not  as  sensitive  as  the  liquid  detector, 
yet  it  is  very  popular  among  experi- 
menters owing  to  its  simplicity. 

The  Fessenden  detecting  circuit  is 
shown  complete  in  Fig.  21.  Fessenden 
also  employs  an  interference  preventer 
which  gives  good  results.  The  range  of 
reception,  however,  is  not  so  great  when 
this  arrangement  is   used. 

(To  be  continued.) 

ELECTRIC  TRANSPORTER  BRIDGES. 

Rapidity  with  which  shiploads  of  coal 
or  ore  can  be  unloaded  with  an  electric 
traveling  bridge  transporter  is  astonish- 
ing. A  bridge  transporter  such  as  shown 
in  the  accompanying  picture  consists  of 
a  steel  bridge  mounted  on  electrically 
operated  trucks,  which  travel  back  and 
forth  over  tracks  parallel  to  the  ship 
landing. 

.  One  end  of  the  bridge  extends  out 
over  the  water  and  above  the  deck  of 
the  ship  when  it  is  in  dock.  On  top  of 
the  bridge  a  car  and  derrick  are  mount- 
ed on  rails,  and  can  be  moved  back  and 
forth  over  the  length  of  the  bridge.  This 
car  is  also  driven  by  electric  motors.  To 
the  crane  is  attached  what  is  known  as  a 
clam-shell  bucket,  so  called  because  it  is 
the  shape  of  an  enormous  clam  shell, 
the  jaws  of  which  open  and  shut  on  a 
hinge. 

In  unloading  a  ship,  the  derrick  is  run 
out  on  the  bridge  above  the  deck  and 
the  clam-shell  bucket  is  lowered,  with 
jaws  open,  into  the  hold.  As  the  bucket 
is  hoisted  again  the  jaws  shut  by  their 


1 62 


POPULAR    ELECTRICITY 


ELECTRIC   TRANSPORTER  BRIDGES. 


own  weight  and  take  up  huge  mouthfuls 
of  the  coal  or  ore.  The  crane  is  then 
moved  back  over  the  bridge  and  the  con- 
tents of  the  bucket  deposited  at  any  de- 
sired point  in  the  yard. 


The  two  bridges  shown  in  the  illus- 
tration are  used  in  a  German  coal  yard 
and  have  a  span  of  186  feet.  The  clam- 
shell buckets  have  each  a  capacity  of  five 
tons. 


THE  MISSION  OF  POPULAR  ELECTRICITY. 

BY    EDWIN    J.    HOUSTON,    PH.    D. 
(PRINCETON). 


Electricity  has  invaded  the  everyday 
life  of  the  Twentieth  Century  to  such  an 
extent  that  it  is  no  longer  possible  to 
transact  business  without  a  fairly  ex- 
tended knowledge  both  of  its  funda- 
mental facts  and  principles,  as  well  as 
the  phraseology  by  which  such  facts  and 
principles  are  expressed.  And  when  we 
say  business,  we  do  not  wish  to  confine 
ourselves  to  business  along  certain  lim- 
ited, technical  lines,  but  to  the  common 
business  of  everyday  life.  No  matter 
what  one's  occupation  may  be,  he  must 
possess  a  familiarity  with  both  the 
facts  and  language  of  electricity,  to  be 
able  to  conduct  his  business  intelligently. 
Indeed,  without  this  knowledge  he  can- 
not even  properly  read  the  daily  news- 
papers, much  less  current  periodical  lit- 
erature. It  is,  therefore,  not  a  matter  of 
choice,  but  of  necessity,  that  leads  to  the 
publication  of  a  magazine  like  "Popular 
Electricity." 

The  words,  terms  and  phrases  that  are 
emploved  in  electricity  are  so  rapidly  ta- 
king their  place  in  the  language  of  every- 
dav  life  that  thev  have  a1reidv  become 


part  of  our  mother  tongue.  All  will  be 
severely  handicapped  in  their  struggle 
for  existence  who  are  not  familiar  with 
this  language.  We  have  now  become 
so  accustomed  to  electrical  language  that 
we  feel  no  greater  strangeness  in  talking 
about  electric  generators,  trolley  cars, 
electric  lamps,  telegraphs  or  telephones, 
than  about  sugar,  potatoes,  cabbages, 
coal  or  kindling  wood.  It  seems  as  nat- 
ural to  discuss  the  candlepower  of  our 
electric  lamps,  the  ignition  of  our  gas 
lights,  the  operation  of  our  electric 
stoves  or  curling  tongs,  or  of  our  sys- 
tems of  burglar  alarms,  messenger  or  cab 
calls,  as  the  operation  of  our  coffee  mills, 
egg  beaters,  lawn  mowers,  carpet  sweep- 
ers or  griddle  greasers. 

There  is  no  longer  a  holy  of  holies 
where  none  but  the  initiated  are  permit- 
ted to  enter.  On  the  contrary,  the  gen- 
eral public  is  as  ready  to  criticize  the 
correctness  of  bills  for  electric  service, 
as  determined  by  the  indications  of  elec- 
tric meters,  as  they  are  to  accuse  the 
butcher,  the  milkman  or  the  iceman  of 
overcharges.      The    words    ohms,    volts. 
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amperes  and  watts  are  no  longer  ven- 
erated as  belonging  to  a  class  far  above 
the  ordinary,  but  are  as  familiarly  used 
as  the  words  beefsteaks,  scrapple,  mo- 
lasses or  vinegar. 

A  publication  like  "Popular  Electric- 
ity" cannot  fail  to  be  welcomed  by  all 
classes ;  not  only  by  the  members  of  the 
bar,  the  church,  the  medical  fraternity, 
and  teachers  generally ;  not  only  by  the 
superintendents  of  our  great  manufac- 
tories and  shops ;  not  only  by  the  direct- 
ors of  the  great  transportation  compa- 
nies, banks  and  other  financial  institu- 
tions, who  labor  with  their  brains,  but 
also  by  that  far  greater  multitude  of  ar- 
tisans, mechanics,  laborers,  farmers,  mi- 
ners, railroad  men,  storekeepers  and  oth- 
ers, who  labor  with  their  hands. 

The  people  of  any  country  can  be  di- 
vided into  three  great  classes: 

( 1 )  The  highly  educated,  including 
graduates  of  colleges,  universities  and 
technical  institutes. 

(2)  Those  of  average  education, 
whose  preparation  has  been  limited  to 
the  public  schools. 

(3)  The  poorly  educated,  whose  sole 
fitness  for  work,  besides  the  inheritance 


of  sound,  common  sense,  has  been  lim- 
ited to  an  elementary  instruction  in  the 
rudiments  of  reading,  writing  and  arith- 
metic. 

While  it  is  in  the  first  two  of  these 
classes  that  the  world  confidently  looks 
for  the  master  minds  who  shall  teach  it 
how  to  put  the  mighty  force  of  electric- 
ity in  its  service,  yet  for  too  long  a  time 
has  sight  been  lost  of  the  third  class,  a 
class  that  contains  by  far  the  greater 
proportion  of  the  world's  population. 
Here,  it  may  again  find  some  of  those 
slumbering  giants,  those  rough  dia-- 
monds,  who  need  but  a  little  polishing  to 
make  them  like  second  Edisons,  a  man 
who  to-day  is  unquestionably  the  world's 
peerless  leader  in  the  practical  applica- 
tions of  electricity. 

Appealing,  as  it  does,  to  all  these 
classes,  "Popular  Electricity"  cannot  fail 
to  receive  a  hearty  welcome,  and,  there- 
fore, to  prove  a  splendid  success.  Its 
readers  are  both  intelligent  and  numer- 
ous. Its  publishers,  therefore,  offer  their 
magazine  to  a  discriminating  public  in 
the  belief  that  they  can  find  in  it  a  pub- 
lication that  will  take  an  important  and 
unique 'position  among  magazines. 


THE  HISTORY  OF  AN  ART. 

From  Edison's  first  carbon  filament 
electric  incandescent  lamp  to  the  latest 
type  of  tungsten  lamp,  does  not  repre- 
sent a  great  period  of  time,  but  it  does 


ment  is  to  be  found  in  the  collection  of 
electric  incandescent  lamps  laboriously 
gathered  together  by  William  J.  Ham- 
mer, consulting  electrical  engineer  of 
New  York  city.     The  picture  herewith 


THE  HISTORY  OF  AN  ART 

f  Incandescent  Electric  Lamps. 

•n  ConsuHmtf  Electrical  Engineer. 


represent  the  period  of  development  of 
one  of  the  greatest  utilities  of  modern 
times— that  of  electric  lighting.  An  al- 
most  unbroken    record  of   this   develop- 


is  a  very  good  representation  of  this  re- 
markable collection.  Not  only  is  it  in- 
teresting, but  it  is  also  of  great  value  10 
the  engineering  profession. 
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ELECTICALLY  HEATED  GLUE  POT. 

Cabinet  makers,  book  binders  and 
workers  in  other  crafts  where  glue  must 
be  used,  will  be  interested  in  an 
electrically  heated  glue  pot  which 
is  now  on  the  market.  A 
gas  heated  glue  pot  is  dangerous  be- 
cause of  the  fire  hazard,  while  steam 
pipes  used  for  heating  are  liable  to  leak 
and  damage  valuable  materials.  In  the 
electric  type,  however,  all  that  is  neces- 
sary is  to  attach  the  plug  to  an  electric 
light  receptacle  and  the  contents  of  the 
pot  is  soon  brought  to  the  desired  tem- 
perature without  flame  or  steam  jets. 

The  pots  themselves  are  of  seamless 
drawn  copper  with  brass  bail  and  wiper 
rod.      The  water  bath  is  made  of  seam- 


ing, the  pots  are  provided  with  heat  reg- 
ulating switches,  by  means  of  which  the 
glue  can  rapidly  be  brought  to  the  de- 
sired temperature,  and  then  maintained 
there  steadily  by  a  lower  current 
strength. 


ELECTRICITY  IN  THE  CHARGING  OF 
COKE  OVENS. 

In  the  charging  and  drawing  of  coke 
ovens,  processes  that  used  to  be  done  la- 
boriously by  hand,  electricity  is  now 
used  in  most  of  the  larger  plants.  The 
coke  drawing  and  charging  machines  are 
said  to  do  the  work  of  20  men  with  only 
one-fifth  that  number  for  each  electrical 
machine,  which  will  draw  the  contents  of 


FIG.  1.  ELECTRIC  CHARGING  OF  COKE  OVENS. 


less  copper,  and  the  heating  element, 
which  is  wrapped  around  the  lower  por- 
tion, is  enclosed  in  a  water-tight  tin  en- 
velope. The  water  bath  is  provided 
with  a  patent  circulating  device,  which 
gives  it  the  maximum  heating  efficiency. 
This  device  consists  of  a  hollow  ring, 
the  lower  end  of  which  is  closed  by  a 
diaphragm  having  a  central  opening. 
This  confines  the  heating  action  to  the 
thin  film  of  water  outside  of  the  device, 
and  sets  up  a  rapid  circulation  in  the 
water,  which  brings  the  glue  up  to  the 
working  temperature  in  a  short  time. 
To  further  promote  economical  heat- 


from  35  to  50  beehive  ovens,  screen  it 
and  load  it  ready  for  shipment  in  io- 
hours. 

Among  the  other  advantages  may  be 
mentioned  the  fact  that  it  is  not  neces- 
sary to  have  an  oven  open  and  exposed 
to  the  air  for  longer  than  half  an  hour 
from  the  time  the  quenching  of  the  coke 
begins  until  the  oven  is  ready  to  be  re- 
charged, while  from  two  to  three  hours- 
are  necessary  where  the  work  is  done  by 
hand. 

A  coke  oven  equipment  consists  of  two- 
parts,  an  electrically  operated  charging- 
car  which  travels  on  a  track  on  top  of: 
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the  ovens  as  shown  in  Fig.  i,  and  a  draw- 
ing machine  shown  in  Fig.  2. 

The  charging  cars  are  operated  by 
electric  railway  motors  and  take  current 
from  trolley  wires  strung  along  the  tops 
of  the  ovens.     The  coal  is  dumped  from 


fig.  2. 


COKE  OVEN  DRAWING  BY 
ELECTRICITY. 


the  bottoms  of  the  cars  through  holes  in 
the  tops  of  the  ovens. 

The  drawing  equipment  consists  of  a 
motor  operated  car  which  travels  along 
in  front  of  the  oven  doors.  The  coke 
is  drawn  out  of  the  ovens  and  into  a  hop- 
per, and  from  there  it  is  taken  by  a  trav- 
eling  belt  conveyor  and  dumped  into  a 
waiting  car.  For  loosening  the  coke  in 
the  oven  a  steel  ram-bar  is  provided, 
which  may  be  seen  in  Fig.  2.  This  bar 
has  a  chilled  steel  point  and  teeth  on  the 
side  which  mesh  with  a  pinion  on  the 
drawing  machine.  This  ram-bar  may  be 
swung  around  in  any  direction  to  punch 
and  loosen  the  coke  in  the  oven. 


ELECTRIC  DYEING. 

When  cloth  soaked  in  aniline  sulphate 
is  placed  between  two  metal  plates  con- 
nected with  the  opposite  ends  of  a  dyna- 
mo, and  an  electric  current  is  passed 
through  it,  the  sulphate  is  converted  into 
aniline  black. 

By  altering  the  strength  of  the  solu- 
tion and  of  the  current,  shades  varying 
from  green  to  pure  black  can  be  ob- 
tained. In  the  case  of  indigo,  the  cloth 
is   impregnated   with  a  paste  of  indigo 


blue  and  caustic  alkali.  The  electric  cur- 
rent converts  the  insoluble  indigo  blue, 
by  reduction  of  oxygen,  into  indigo 
white,  which  is  soluble,  and  on  being 
exposed  to  the  air  becomes  oxidized  once 
more  and  turns  blue,  thus  thoroughly 
dyeing  the  cloth  with  that  color. 


UNIQUE  TELEPHONE. 

Considerable  ingenuity  as  well  as  an 
appreciation  of  the  artistic  were  dis- 
played in  the  construction  of  the  unique 
telephone  shown  herewith.  A  section  of 
an  oak  log  was  hollowed  out  to  receive 
the  wiring  which  is  ordinarily  concealed 


in  the  telephone  wall  set.  The  receiver 
and  hook,  bell,  transmitter  and  ringing 
crank  are  all  the  parts  that  appear  out- 
side the  log.  This  telephone,  mounted 
on  an  artistic  stand,  was  not  only  prac- 
tical but  an  ornament  to  the  home  in 
which  it  was  used. 


ELECTRIC  SAW  FOR  BUTCHERS. 

The  up-to-date  butcher  shop  is  now 
provided  with  an  electric  meat  saw.  and 
the  old  handsaw  is  relegated  to  the  junk 
pile.  In  its  place  is  a  small  handsaw. 
driven  by  an  electric  motor,  which  sev- 
ers all  bones  in  a  neat  and  expeditious 
manner. 
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CAUSING  SLEEP  BY  ELECTRICITY. 

The  new  discovery  of  causing  sleep  by 
the  use  of  electricity  made  recently  at  the 
School  of  Medicine  at  Nantes,  France, 
by  Prof.  Stephen  Leduc,  it  is  believed 
will  be  of  great  importance  in  surgical 
operations.  The  accompanying  illustra- 
tion herewith  shows  the  electrical  equip- 
ment and  method  of  application  used  by 
the  French  scientist  in  his  experiments 
with  rabbits  and  dogs.  Similar  results 
have  been  obtained  in  the  case  of  human 


There  are  two  electrodes  applied  to  the 
skull  in  a  special  manner,  the  points  of 
application  being  first  carefully  shaven. 
In  experiments  with  rabbits  the  elec- 
trodes are  from  i.i  to  1.5  inches  in  diam- 
eter and  for  dogs  1.9  to  2.3  inches  in  di- 
ameter. It  is  stated  that  scores  of  trials 
have  been  made  on  these  animals  with 
wonderful  success.  The  application  of 
the  currents  is  not  in  any  way  dangerous, 
and  no  ill  effects  have  been  noted,  even 


PRODUCING   ELECTRICAL   SLEEP  IN  A    RABBIT. 


beings  undergoing  operations,  successful 
experiments  having  been  made  upon 
Prof.  Leduc  himself. 

It  is  stated  that  the  discovery  proceed- 
ed from  study  of  the  effects  of  intermit- 
tent currents  and  from  the  knowledge 
that  the  skull  and  brain  offer  but  little  re- 
sistance to  the  currents.  With  periods  of 
only  one  one-thousandth  of  a  second,  the 
current  intensity  is  applied  for  one-tenth 
of  the  period  and  turned  off  nine-renths 
of  the  period,  the  interruption  being- 
timed  by  a  commutator  or  electric  motor 
driven  interrupter.  It  is  stated  that  for 
a  human  being  a  current  of  35  volts  and 
four  milli-amperes  is  applied  intermit- 
tently for  the  minutest  fraction  of  a 
second. 


when  the  experiment  has  lasted  for 
hours. 

It  is  maintained  that  electric  sleep  is 
better  than  anaesthesia  by  chloroform, 
morphine  or  ether,  which  are  not  only 
disagreeable  but  sometimes  dangerous  or 
even  fatal,  while  the  awakening  is  usu- 
ally painful. 

It  is  stated  that  during  electric  sleep 
the  patient  is  perfectly  quiet,  and  as  soon 
as  the  electrodes  are  withdrawn  the 
awakening  occurs  as  one  arousing  from 
sleep,  without  pain  or  discomfort  of  any 
kind.  It  is  also  held  that  the  sensations 
are  quite  agreeable  after  the  operation, 
the  mind  working  more  rapidly  and  more 
clearly,  while  it  is  also  claimed  that  there 
is  a  sense  of  increased  physical  vigor. 
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PORTABLE     ELECTRIC     GENERATING 
PLANT. 

The  accompanying  illustration  shows 
a  novel  portable  dynamo  house  with 
direct  connected  electric  generating  set, 
designed  for  operation  with  a  gasolene, 
gas,  oil  or  alcohol  engine.  The  outfit  is 
constructed  to  carry  10,  20  or  30  lights 
according  to  the  candle  power  and  volt- 
age. 

For  constant  load,  with  a  definite 
number  of  lights,  no  regulator  is  neces- 
sary, the  outfit  running  with  practically 
constant  speed,  an  extra  flywheel  and  a 
flexible  coupling  taking  up  the  impulses 
of  the  engine  very  satisfactorily.  For 
a  variable  load,  the  portable  house  is 
provided  on  the  left  hand  side  with  50 
cells  of  storage  battery  of  eight  or  10 
ampere  hours  capacity,  this  being  suf- 
ficient to  give  good  regulation  and  sup- 
ply a  reserve  current  for  night  lamps  in 
homes,  or  for  extra  current  during 
heavy  load. 

For  boat  lighting  this  set  is  satisfac- 
tory as  well  as  for  charging  automobile 
batteries,  a  double  cylinder  engine  of 
larger  capacity  with  a  larger  generator 
being  desirable  in  the  latter  case. 

The  portable  house  is  necessary  where 


GERMAN  TELEPHONES. 

In  Germany  and  other  foreign  coun- 
tries telephone  users  have  different  ideas 
than  people  in  this  country,  as  to  the 
most  convenient  form  of  telephone  to 
use.  There  are  fashions  and  styles  in 
telephones  as  well  as  in  clothes.  Take, 
for  instance,  the  two  German  telephones 
shown  in  the  accompanying  picture.  The 
lower  one  is  a  common  battery  telephone, 


the  fire  underwriters  object  to  gasolene 
being  used  as  a  fuel  in  buildings  insured, 
but  where  gas  is  employed  a  plant  of 
this  character  can  readily  be  employed 
in  a   basement  of  any  kind. 


meaning  that  no  crank  need  be  turned 
to  ring  up  the  exchange.  In  this  respect 
the  telephone  is  the  same  as  most  tele- 
phones in  this  country.  The  shape,  how- 
ever is  much  different.  The  transmitter 
and  receiver  are  connected  together  by  a 
sort  of  handle.  When  they  are  lifted 
irom  the  rack  and  the  receiver  is  held  to 
the  ear  the  transmitter  is  then  in  position 
in  front  of  the  mouth,  so  that  it  may 
readily  be  spoken  into.  Lifting  the 
handle  from  the  rack  closes  the  circuit  to 
the  exchange  in  the  same  manner  that 
lifting  the  receiver  from  the  hook  per- 
forms the  same  operation  in  telephones 
used  in  this  country. 

The  telephone  in  the  upper  corner  of 
the  picture  is  of  the  magneto  type,  that 
is,  a  crank  must  be  turned  to  ring  the  ex- 
change. In  this  case  the  transmitter  is 
fastened  to  the  cabinet  in  the  usual  man- 
ner, but  the  receiver  is  of  peculiar  shape. 
being  provided  with  a  handle  for  hold- 
ing it  to  the  ear.  When  not  in  use  it 
bangs  from  a  hook  on  the  cabinet. 


GERMAN   SUBMARINE  CABLE   LAYING. 


IN  THE  operation  of  submarine  tele- 
phone cables  a  factor  that  operates 
against  clear  transmission  is  what  is 
known  as  the  electrostatic  capacity  of 
the  cable.     This  phenomenon  cannot  be 


minute  current  fluctuations  which  oper- 
ate the  telephone  receiver.  To  over- 
come this  capacity  effect,  what  is  known 
as  the  Pupin  coil  is  sometimes  used.  A 
number  of  these  coils  are  connected  at 
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FIG.    1.      SPLICING    IN    PUPIN    COILS. 
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FIG.    2.      SPECIAL  CABLE   LAYING  MACHINE. 


readily  explained  without  mathematical 
demonstration,  but  it  will  suffice  to  say 
that  the  effect  is  a  retarding  of  the  cur- 
rent and    a    breaking    up  of    the    very 


regular  intervals  throughout  the  length 
of  the  submarine  cable.  The  Pupin  coil 
is  simply  an  inductance  coil,  and  by  in- 
ductance is  meant  a  phenomenon  which 
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is  exactly  opposite  in  its  effect  to  capa- 
city. The  Pupin  coils  therefore  tend  to 
neutralize  the  capacity  effect  in  the  cable 
and  permit  clear  talking. 

A  little  over  a  year  ago  a  submarine 
loaded  telephone  cable  was  laid  with 
considerable  difficulty  between  Fried- 
richshaven  and  Romershorn,  Germany, 
this  cable  being  about  seven  miles  long. 
The  accompanying  illustrations  show7 
the  details  of  construction  and  the  lay- 
ing of  this  cable  in  Lake  Constance. 

As  the  cable  could  not  be  brought  to 


FIG.   3.     SECTION  OF  SUBMARINE  CABLE. 

Lake  Constance  for  laying  by  ship  with- 
out being  first  transported  by  rail,  the 
construction  and  laying  of  this  Pupin 
loaded  telephone  cable  was  no  small 
undertaking.  The  cable  had  to  be  laid  at 
a  depth  of  138  fathoms,  the  contour  being 
different  on  the  two  sides  and  gradually 
falling  to  a  deep  channel,  traversing  the 
whole  length  of  the  lake. 

It  was  necessary  that  the  cable  be 
capable  of  standing  the  water  pressure 
of  25  atmospheres  at  this  depth  (one  at- 


mosphere equals  about  16  pounds  per 
square  inch)  and  a  factor  of  safety  of 
six  was  taken,  so  that  the  tests  were 
carried  out  on  the  cable  with  a  pressure 
of  150  atmospheres  for  short  periods, 
the  cable  tested  having  seven  circuits 
and  being  lead  covered  and  armored,  as 
shown  in  Fig.  3.  This  illustration  shows 
a  portion  of  the  cable  used  in  the  middle 
of  the  lake,  where  the  pressure  is  great- 
est. 

Fig.  I  is  an  interesting  view  illustrat- 
ing the  method  of  splicing  in  the  Pupin 
coils. 

The  old  boat,  with  which  an  attempt 
was  first  made  to  lay  the  cable  across  Lake 
Constance,  contained  only  a  simple  drum 
for  unwinding  the  cable  and  proved  to  be 
inadequate  for  the  work.  Fig.  2  shows 
the  submarine  cable  laying  equipment 
which  was  finally  successful.  As  the 
weight  of  the  cable  was  considerable 
when  paying  out  at  deepest  places,  a 
pull  of  about  4,000  pounds  had  to  be 
provided  for.  The  special  cable  laying 
machine  shown  in  the  foreground  in 
Fig.  4  has  an  eight-foot  drum.  The 
machinery  is  mounted  on  a  flatboat 
which  is  towed  by  the  steamer  lying  just 
beyond  in  the  picture.  When  every- 
thing was  in  readiness  only  about  two 
hours  were  required  to  lay  the  cable. 


ELECTRICITY  FROM  PEAT 

Consul-General  Robert  J.  Wynne,  of 
London,  reports  that  before  a  committee 
of  the  British  House  of  Commons  inter- 
esting details  were  given  of  the  scheme 
for  establishing  in  Ireland  a  new  elec- 
tric supply  generated  by  peat  gas,  the 
first  of  the  kind  in  Great  Britain.  The 
Dublin  and  Central  Ireland  Electric  Pow- 
er Company  is  seeking  powers  to  supply 
electricity  to  portions  of  counties  Dublin, 
Kildare,  Queens,  and  Kings,  and  has 
arranged  to  purchase  500  acres  of  peat 
bog  in  the  district.  Hitherto  one  of  the 
chief  objections  to  the  use  of  peat  for 
generating  power  is  that  it  contains  90 
per  cent  of  moisture  and  is  too  expensive 
to  dry.  The  promoters  propose  to  use  a 
process,  common  in  Germany,  by  which 
it  is  advantageous  to  retain  50  per  cent 
of  moisture  in  peat,  thereby  obtaining  by- 
products, such  as  sulphate  of  ammonia, 
which  alone  would  pay  the  cost  of  the 
peat. 
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WIRELESS  ON  THE  GREAT  LAKES. 

When  the  new  steamer  "City  of  Cleve- 
land," of  the  Detroit  and  Cleveland  line 
went  out  on  her  trial  trip  on  April  27th, 
there  were  thousands  of  eager  eves  to 
read  the  news  of  her  record  trip,  and  the 
wireless  despatches  from  aboard  the  ves- 
sel were  given  to  the  public  by  the  Clark 
wireless  telegraph  service. 

The  wireless  station  is  located  forward 
of  the  Convention  Hall  of  the  steamer 
and  opens  directly  on  the  large  prome- 
nade deck.  There  is.  besides,  an  entrance 
from  the  main  cabin  to  the  wireless  tele- 
graph office,  which  is  arranged  much  the 


on  the  Great  Lakes.  This  feature  plays  an 
important  part  in  the  accuracy  and  reli- 
ability of  wireless  communication,  as 
with  this  complete  system  of  tuners,  the 
"City  of  Cleveland"  will  be  able  to  get 
in  communication  with  any  other  boat  or 
station  on  the  Great  Lakes  and  can  also 
cut  in  or  cut  out  any  other  boat  or  sta- 
tion as   desired. 

The  receiving  instrument  is  arranged 
with  a  combination  of  inductance  and 
capacity  so  that  the  operator  can  adjust 
to  various  wave  lengths  for  the  different 
stations.  There  is  an  especially  design- 
ed  head  telephone   for   the  operator,  of 


WIRELESS    RECEIVING   APPARATUS    ON    THE   "CITY   OF   CLEVELAND." 


same  as  a  regular  land  telegraph  office 
for  filing  and  receiving  messages. 

A  visitor  going  aboard  of  this  mag- 
nificent vessel  will  find  the  wireless  sta- 
tion one  of  the  most  complete  to  be 
found  afloat.  The  station  is  rated  as  a 
two  K.  W.  station  and  the  power  or  cur- 
rent for  operating  the  wireless  instru- 
ments is  taken  from  the  dynamos  which 
furnish  current  for  lighting  the  steamer. 

Arrangement  of  the  station  is  such 
that  the  most  perfect,  up-to-date  re- 
ceiving and  transmitting  sets  of  Clark 
wireless  instruments  are  installed,  an  im- 
portant feature  of  the  equipment  being  a 
complete  system  of  tuners,  which  makes 
this  outfit  a  distinctive  one,  as  it  is  not  to 
be   found   on   any  other  boat  equipment 


the  most  sensitive  type,  to  work  in  con- 
nection with  the  delicate  detector  on  the 
receiving  instrument.  There  is  also  a 
complete  system  of  interference  coils  to 
cut  out  atmospheric  electrical  disturb- 
ances, which  marks  an  important  ad- 
vance in  the  perfect  working  of  this 
wireless  telegraph  set  for  commercial 
work. 

All  the  instruments,  indicators,  regu- 
lators and  the  automatic  starter  are  so 
arranged  that  the  operator  has  immedi- 
ate control  at  his  right  hand  of  the  full 
manipulation  of  any  part  of  his  appartus 
and  can  tell  at  anv  moment  exactly  what 
results  he  is  obtaining  from  his  instru- 
ments and  transmitting  apparatus. 

Mr.    Clark    has    devoted    considerable 
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WIRELESS    TELEGRAPH    PLANT. 

time  and  hard  work  to  designing  this 
special  set  of  instruments  for  the  "City 
of  Cleveland"  and  considers  it  one  of 
the  best  wireless ,  equipments  aboard  of 
any  boat  in  the  world,  and  the  "City  of 
Cleveland"  when  afloat  will  take  preced- 
ence over  all  other  lake  ships  in  the 
matter  of  obtaining  and  sending  com- 
munication. She  will  be  in  a  "wireless" 
sense  the  "Queen  of  the  Lakes." 


of  Brooklyn  by  the  Standard  Under- 
ground Cable  Company.  It  is  a  5,000,- 
000  circular  mil  cable.  A  circular  mil 
is  the  area  of  a  circle  whose  diameter  is 
one  one-thousandth  of  an  inch,  therefore, 
if  this  cable  were  in  the  form  of  a  single 
solid  wire  its  cross-section  would  be  al- 
most four  square  inches.  Such  a  wire 
would  be  nearly  as  stiff  as  a  bar  of  iron, 
so  to  obtain  the  necessary  flexibility  it  is 
necessary  to  make  the  cable  up  of  a  great 
number  of  small  wires.  There  are  427 
of  these  wires,  arranged  in  strands  of 
seven  wires  each.  The  weight  of  the 
complete  cable  with  its  insulation  is  16.6 
pounds  per  foot.  It  was  furnished  in 
lengths  of  440  feet,  weighing  7,300 
pounds  each. 


LARGEST  ELECTRICAL  CABLE. 

The  accompanying  picture   shows  the 
actual    size   of  cross   section   of   what  is 


LARGEST  ELECTRICAL  CABLE. 

doubtless  the  largest  electrical  conductor 
ever  manufactured.  This  cable  was  made 
for  the  Transit   Development   Company 


ELECTROCUTION  VS.  HANGING. 

Which  method  of  capital  punishment 
is  the  more  humane,  electrocution  or 
hanging,  is  a  question  hard  to  determine. 
Dr.  Spitzka,  an  eminent  brain  specialist, 
has  made  a  careful  study  of  the  subject, 
and  his  conclusions  as  to  electrocution 
are  based  on  observations  at  31  electro- 
cutions in  Sing  Sing  and  other  prisons. 
Dr.  Spitzka  has  observed  that  seven  to 
10  amperes  of  current  pass 
through  the  body.  Con- 
sciousness is,  without 
doubt,  blotted  out  instant- 
ly. In  only  two  cases  was 
it  observed  that  there  was 
any  respiratory  effort  after 
the  current  was  turned 
on. 

A  post  mortem  exami- 
nation of  the  body  reveals 
many  interesting  phenom- 
ena. There  is  a  rising  in 
the  temperature,  in  one 
case  as  high  as  129^°  F. 
The  lungs  are  devoid  of 
blood  and  weigh  six  or 
seven  ounces  avoirdupois. 
The  blood  seems  to  be  un- 
der a  chemical  change  and 
is  of  a  dark  brownish  hue. 
sometimes  almost  black. 
and  it  rarely  coagulates. 
On  the  nervous  cells  there 
is  no  apparent  effect,  al- 
though it  is  apparent  that  there  is  a 
molecular  change  oi  some  kind  not  fully 
understood. 
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ILLUMINATIONS    A    QUARTER    OF  A 
CENTURY  AGO. 

According  to  a  Washington  paper,  the 
introduction  of  electricity  into  that  city 
had  a  novel  as  well  as  a  characteristic 
beginning.  In  the  fall  of  1881  the  sur- 
vivors of  the  Army  of  the  Cumberland 
assembled  there  to  dedicate  an  equestrian 
statue  of  their  old  commander,  Gen. 
Thomas,  which  now  stands  in  Thomas 
Circle.  The  committee  having  the  ar- 
rangements in  charge  determined,  as  a 
feature  of  the  event,  to  have  a  night 
parade  on  Pennsylvania  avenue,  and 
have  the  avenue  illuminated  by  electric 
lights,  which  at  that  time  had  been  used 


The  plans  of  the  committee  came  to 
naught  after  many  hundreds  of  dollars 
had  been  expended  for  labor  and  ma- 
terial. 

Such  an  undertaking  to-day  would  in- 
volve nothing  greatly  out  of  the  ordi- 
nary. The  wires  for  the  illuminations 
would  simply  be  tapped  to  the  most  con- 
venient feeders  of  the  lighting  company, 
and  when  the  time  came  to  light  up  there 
would  be  no  failure  and  the  lamps  would 
burn  without  a  perceptible  flicker. 


PLOWING  BY  ELECTRICITY. 

The  accompanying  picture  is  of  inter- 
est as   showing    the  possibilities    which 


PLOWING    BY    ELECTRICITY. 


for  similar  purposes  in  other  cities.  To 
carry  out  this  plan,  wires  were  strung 
across  Pennsylvania  avenue  at  stated  dis- 
tances from  building  to  building  to  sup- 
port the  lamps.  A  dynamo  was  installed 
to  furnish  current  for  the  lamps  in  a  saw- 
mill on  Thirteenth  Street,  and  the  engine 
of  the  mill  utilized  for  the  occasion. 

The  connections  with  the  lamps  were 
only  temporary,  and  the  work  was  badly 
done.  When  all  was  ready  for  the  illu- 
mination and  thousands  had  gathered  to 
see  the  display,  and  the  military  were 
ready  to  start  the  parade,  the  signal  was 
given  for  the  lighting.  There  was  a  sud- 
den flash  of  light  over  part  of  the  dis- 
tance between  the  Peace  Monument  and 
the  Treasury,  then  a  few  feeble  flicker- 
ings   of  the  lamps,   and  then   darkness. 


the  future  holds  forth  for  the  application 
of  electricity  in  farm  operations.  Some 
years  ago  Mr.  I.  Hogeland  of  Chicago, 
devised  this  system  and  even  built  an 
experimental  equipment.  He  was  told, 
however,  that  he  was  years  ahead  of  his 
time,  which  proved  to  be  the  case,  but 
he  still  has  firm  belief  in  the  practica- 
bility of  his  idea. 

The  system  consists  of  an  electrically 
operated  locomotive  or  truck  which  has 
sufficient  tractive  power  to  draw  10  to 
20  plows  at  once.  Power  is  brought  to 
the  truck  by  a  long  insulated  cable  which 
unwinds  and  winds  up  on  a  drum  as 
the  truck  moves  back  and  forth  across 
the  field.  In  the  picture  the  electric 
power  is  seen  to  be  generated  by  a  small 
dynamo  driven  by  a  portable  steam  en- 
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gine.  The  inventor  believes,  however, 
that  the  time  has  now  arrived  when  cur- 
rent derived  from  trolley  lines  or  nearby 
towns  for  the  performance  of  the  work 
could  be  used  to  advantage. 


HOW  AN   ELECTROMAGNET    OPERATES. 

In  reading  descriptions  of  electrical 
devices  and  operations  one  often  comes 
across  such  expressions  as  these :  "The 
circuit  is  closed  by  an  electro- 
magnet," "an  electro-magnetically  oper- 
ated switch,"  etc.  "Now  what  is  an 
electro-magnet?"  This  is  a  question  a 
great  many  people  will  ask. 

Away  back  in  the  early  history  of  elec- 
trical development  when  Faraday  dis- 
covered    the    phenomenon     of     electro- 
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magnetic  induction  he  discovered  a  prin- 
ciple upon  which  nearly  every  elec- 
trical machine  of  the  present  day  is 
in  some  way  dependent.  An  elec- 
tromagnet is  simply  a  coil  of  wire 
wound  around  an  iron  core,  as 
shown  in  the  diagram.  When  a  current 
of  electricity  from  a  battery  or  dynamo 
is  sent  through  this  coil  of  wire  the  iron 
core  becomes  magnetic,  its  strength  be- 
ing in  proportion  to  the  number  of  turns 
of  wire,  and  to  the  strength  of  the  cur- 
rent flowing.  If  current  is  sent  through 
the  coil  in  the  direction  of  the  arrows 
the  core  has  a  north  or  positive  pole 
formed  at  (N)  and  a  south  or  negative 
pole  formed  at  (S).  If  the  current  is 
sent  through  in  the  opposite  direction 
the  poles  are  reversed. 

The  above,  in  brief,  is  the  nature  of 
an  electro-magnet  Upon  its  applica- 
tion in  various  ways  depends  almost 
everything  of  consequence  that  is  now 
done  by  electricity.  A  dynamo  is  de- 
pendent upon  an  electro-magnet  to  give 
strength  enough  to  its  pole  pieces,  to 
permit  current  to  be  generated.  -Without 
dynamos  there  would  not  be  much  done 
with  electricity.  Electro-magnets  are  the 
very  vitals  of  a  telephone  exchange. 
They  are  even  present  in  your  telephone 
receiver  and  transmitter.  Circuit-break- 
ers are  operated  by  electro-magnets.     If 


the  currents  in  the  electro-magnet  coil  of 
a  circuit-breaker  becomes  too  strong  the 
iron  core  in  the  coil  is  pulled  down  and 
the  switch  released,  which  opens  the  cir- 
cuit. Telegraph  instruments  are  operat- 
ed by  electro-magnets,  so  are  nearly  all 
forms  of  automatic  electric  control  de- 
vices. 

A  form  of  electro-magnet  used  for 
many  purposes  is  the  solemoid.  This  is 
simply  a  coil  of  wire  without  an  iron 
core.  If  an  iron  plunger  is  started  into 
the  hole  in  the  coil  it  will  be  sucked  far- 
ther into  the  coil  or  forced  out,  de- 
pending on  which  way  the  current  is 
flowing  in  the  coil.  This  principle  is 
applied  in  many  ways  in  various  auto- 
matic devices. 


TALKING  OVER  A  SUNBEAM. 

We  are  accustomed  to  think  of  wire- 
less telephony  as  a  very  recent  discovery 
— more  recent  than  wireless  telegraphy. 
As  a  matter  of  fact,  Prof.  A.  Graham 
Bell  talked  without  wires  many  years 
ago.    His  only  line  was  a  ray  of  light. 

But  the  telephone  is  an  electrical  in- 
strument. Obviously,  to  transmit  an 
electrical  effect  by  means  of  a  ray  of 
light,  we  must  use  some  substance  which 
is  affected  by  light  in  some  electrical 
manner.  A  hard  bill  to  fill,  it  would 
seem;  but  fortunately  there  is  such  a 
substance,  although  it  is  somewhat  rare. 
It  is  called  selenium. 

Selenium  is  one  of  those  curious 
chemical  elements,  like  sulphur,  that 
seem  only  half  metal.  In  fact,  in  its 
native  state  it  is  often  found  associated 
with  sulphur,  and  will  not  conduct  elec- 
tricity at  all.  But  when  it  has  been  sub- 
jected to  a  certain  process  of  heating 
it  becomes  metallic,  and  will  then  con- 
duct the  electric  current  like  other  metals. 

Everything  has  electrical  resistance, 
which  is  a  sort  of  electrical  friction, 
that  is,  it  resists  the  flow  of  the  current. 
Most  metals  have  very  little  resistance : 
while  such  substances  as  glass,  rubber. 
air,  etc.,  have  a  resistance  so  high  it  is 
almost  infinite.  But  the  electrical  resist- 
ance of  selenium  is  peculiar  to  itself : 
for  it  varies,  almost  from  one  extreme 
to  the  other.  A  piece  of  selenium  in 
the  dark  has  a  fairly  high  resistance. 
but  let  a  ray  of  light  shine  on  it,  and 
the  resistance  instantly  decreases.  If 
the  lisrht  is  strong  it  may  allow  ten  times 
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as  much  electricity  to  pass  as  it  did  in 
the  dark. 

So  it  is  plain  that  if  we  should  put  a 
piece  of  selenium  in  the  focus  of  a  good 
sized  reflector,  and  should  direct  a  sun- 
beam into  the  reflector,  every  variation 
and  vibration  in  the  sunbeam  would 
cause  a  corresponding  fluctuation  in  an 
electric  current  flowing  through  the 
selenium.  And  if  we  connected  a  tele- 
phone receiver  in  circuit  with  the  seleni- 


WITH  MIRl^PH 


hear  one  of  them  begin  to  talk,  in  the 
voice,  perhaps  of  our  best  friend.  The 
miracle  is  brought  about  in  the  way 
shown  in  Fig.  2.  (D)  is  intended  to 
represent  a  dynamo  or  other  generator 
of  about  50  volts  connected  to  the 
two  carbons  of  the  arc  lamp  (A). 
These  same  carbons  are  also  connected 
to  the  secondary  coil  of  an  induction  coil 
(I),  the  primary  of  which  is  connected 
to    an    ordinary    telephone    transmitter 


FIG.  1.  APPARATUS  FOR  TALKING  OVER  A  SUNBEAM. 


um   and   the   battery,   we   ought  to   get 
some  kind  of  sound  out  of  it. 

Of  course  there  will  be  no  vibrations 
in  the  sunbeam  unless  they  are  put  there. 
If  any  diaphragm  that  vibrates  when 
the  voice  is  directed  against  it  has  a 
small  mirror  fastened  to  its  center  so 
that  the  mirror  moves  with  the  dia- 
phragm, a  beam  of  light  reflected  from 
the  mirror  will  vibrate  with  the  voice. 
This  beam  goes  straight  through  space 
until  it  strikes  the  selenium  and  its  re- 
flector. The  voice  moves  the  diaphragm. 


(T),  and  battery.  It  is  evident  that  the 
50- volt  dynamo,  being  the  stronger, 
would  tend  to  cause  current  and  flow 
through  the  small  battery  and  transmit- 
ter and  spoil  them,  unless  we  shut  them 
out  in  some  way.  So  at  (C)  we  connect 
in  what  is  called  a  condenser,  which  is. 
briefly,  a  simple  device  which  an  alter- 
nating current  can  work  through,  but  a 
direct  current  cannot.  All  battery  cur- 
rents are  direct,  but  the  induction  coil 
changes  direct  to  alternating  current. 
This  alternating  current  can  gret  to  the 


FIG.    2.     PRINCIPLE    OF   THE    "SPEAKING    ARC 


and  the  diaphragm  moves  the  sun- 
beam;  the  sunbeam  moves  the  molecules 
of  selenium,  and  the  molecules  move 
the  electric  current;  the  current  moves 
the  telephone  receiver  and  the  receiver 
says  exactly,  in  the  same  voice,  what  is 
being  said  at  the  other  end  of  the  sun- 
beam. Fig.  1  is  a  diagram  of  the  ar- 
rangement. 

Similar  in  operation,  but  of  quite  re- 
cent date,  is  the  "speaking  arc."  Most 
of  us  are  familiar  with  the  common  elec- 
tric arc  lamp ;  but  it  is  quite  startling  to 


carbons  of  the  arc  through  the  con- 
denser; but  the  direct  dynamo  current 
cannot  get  past  it.  So  both  currents  are 
working  on  the  arc  lamp.  The  direct 
current,  steady  and  strong,  gives  the 
heat  and  intensity  to  the  arc.  The  feeble, 
rapidly  vibrated  alternating  current, 
swayed  with  every  modulation  of  the 
voice  in  the  telephone  transmitter, 
throws  a  delicate  corresponding  change 
upon  the  arc.  The  heat  waves  expand 
and  contract  and  throb  and  pulse  with 
the  voice — and  lo,  the  arc  is  speaking! 
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Now  let  us  place  a  reflector  behind  the 
arc.  and  direct  its  piercing  ray  against 
the  bit  of  selenium  with  its  reflector. 
Though  they  be  miles  apart,  the  selen- 
ium responds  instantly,  its  telephone  re- 
ceiver sounds  forth  the  message  and 
communication  is  established. 


A  CHINESE  TELEPHONE   EXCHANGE. 

No  more  enthusiastic  users  of  the  tele- 
phone can  be  found  than  the  Chinese, 
after  they  have  once  learned  its  opera- 


quake  and  fire  had  a  total   of  800  sub- 
scribers. 

Everything  in  this  exchange  is  Chi- 
nese but  the  switchboard  itself.  No 
"hello  girls,"  though  you  would  never 
guess  it  from  the  picture.  The  operat- 
ors are  men.  There  is  no  Chinese  word 
equivalent  to  our  "hello"  so  the  operators 
save  time  and  breath  by  calling  for  the 
number  or  name.  So  many  are  the  dia- 
lects in  Chinese  that  it  was  found  that 
many  would  not  understand  or  be  able 
to   give   numbers    readily,   so   it   became 


CHINESE  TELEPHONE  EXCHANGE. 


tion.  To  the  Celestial  the  "talkee  ma- 
chine" has  an  irresistible  fascination.  In 
San  Francisco,  before  the  fire,  there  was 
built  in  the  heart  of  Chinatown  a  branch 
telephone  exchange  for  use  of  Chinese 
exclusively.  It  was  a  complete  central  in 
itself,  as  far  as  that  famous  district  was 
concerned.  The  illustration  shown  here- 
with was  made  from  one  of  the  few 
photographs  extant  of  this  remarkable 
exchange,  which  was  the  first  of  its  kind 
in  the  world  and  at  the  time  of  the  earth- 


necessary  to  use  the  names  of  the  sub- 
scribers as  well  as  the  numbers — a  great 
tax  on  the  memories  of  the  operators.  A 
number  in  the  directory  would  read 
something  like  this:  "China  41.144,  Ah 
Fat." 

The  telephone  exchange,  moreover. 
could  not  be  considered  complete  without 
a  joss  altar,  so  one  was  erected  in  a  very 
elaborate  room  by  itself,  taking  the  place 
of  the  rest  room  found  in  most  ex- 
changes 


HOUSEHOLD 


AN   ELECTRIC  IRONING  DAY. 


BY  ELIZABETH   H.  CALLAHAN, 


AM 


sure  the  house- 
wives who  read 
Popular  .  Electricity 
will  be  interested 
in  a  conversation  I 
lately  overheard  be- 
tween two  friends 
who  were  very  en- 
thusiastic housekeep- 
ers. 

"Good  morning 
Mrs.  Ade !  Pardon  my  calling  on  such 
a  busy  morning  as  Tuesday,  but  you  re- 
member you  promised  to  show  me  your 
electric  iron  and  I  thought  you  would 
surely  be  using  it  this  morning.  I  am  an 
old  fashioned  housekeeper  and  have,  in 
the  past,  shunned  these  so-called  modern 
improvements  that  take  so  much  time  to 
set  up.  I  would  rather  go  on  in  my  old 
way.  But  this  idea  of  an  electric  iron 
seems  to  be  just  the  thing  we  all  need, 
and  since  we  moved  into  our  new  house 
all  equipped  for  electricity,  I  feel  as  if  I 
must  get  all  the  help  I  can." 

"Come  right  into  the  kitchen,"  said 
Mrs.  Ade  when  her  friend  finally  stopped 
for  breath.  "I  know  it  is  a  warm  day, 
but  you  will  find  our  kitchen  as  cool  as 
any  room  in  the  house." 

"But,  where  is  the  iron,  and  isn't  this 
your  ironing  day  after  all  ?" 

"Yes,  my  friend,  but  on  a  warm  day 
like  this  we  iron  on  the  back  porch — 
just  attach  one  end  of  the  cord  to  the  re- 
ceptacle in  the  kitchen,  which  you  see  is 
near  the  window,  and  attach  the  other 
end  to  the  iron  which  has  previously 
been  carried  out  on  the  porch  with  the 
ironing  hoard.      One   can  iron   a   whole 


morning  without  coming  into  the  house 
or  away  from  the  fine  breeze  which  is 
always  playing  around  our  back  porch 
on  the  warmest  davs." 

"Well !"  said  Air's.  Gate.  "If  that  isn't 
a  house  comfort  I  never  saw  one.  No 
more  tired  feet  on  Tuesday  night.  I 
suppose  you  have  tried  this  iron  long 
enough  to  know  that  it  does  not  get  out 
of  order  easily  and  keeps  a  good  heat?" 

"I  have  used  this  same  six-pound  iron 
for  nearly  two  years  without  any  repair 
whatever,  and  I  would  not  exchange  it 
for  any  now  on  the  market.  You  see, 
the  shape  is  somewhat  different  from  the 
old-time  fire-heated  iron — the  square 
corners  at  the  back  enable  you  to  give  a 
style  to  your  ruffles  and  laces  that  you 
never  could  with  the  old  irons.  Then, 
too,  the  peculiar  shape  of  the  front  of 
the  iron — like  a  toe — has  made  it  possi- 
ble to  iron  sleeves  and  corners  as  easily 
as  any  part  of  the  garment." 

"The  small  three-pound  iron  is  anoth- 
er treasure.  If  you  wish  to  do  a  little 
pressing,  such  as  fine  handkerchiefs, 
laces  or  doilies,  the  small  iron  can  be 
ready  in  a  few  moments  and  can  be  car- 
ried to  any  room  in  the  house.  In  the 
sewing  room  it  is  invaluable,  and  every 
time  I  go  away  from  home  my  three- 
pound  iron  is  one  of  the  first  things  to  go 
into  my  trunk.  In  the  summer  time  when 
you  pack  your  thin  dresses  it  is  almost 
impossible  to  avoid  crushing  them.  How 
annoying  it  is  to  arrive  at  the  house  of  a 
friend  just  before  dinner  and  find  the 
dress  you  intended  to  wear  in  a  mass  of 
wrinkles.  Never  mind.  Unpack  your 
little  three-pound  iron,  attach  it  to  the 
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electric  light  socket,  and  in  three  minutes 
your  iron  is  ready,  and  surely  you  can 
press  your  dress  in  fifteen  minutes.  How 
delightful  to  appear  at  your  friend's  din- 
ner table  in  a  fresh,  crisp  dress  which 
looks  indeed  as  if  it  had  just  come  from 
the  hands  of  the  laundress. 

"Yes,  my  friend,  I  could  talk  all  day 
on  the  advantages  of  an  electric  iron — it 
is  a  comfort  no  home  should  be  without. 
It  is  a  saver  of  temper,  as  few  can  keep 
calm  and  tranquil  when  they  have  to 
Wait  for  a  fire  to  come  up  or  must  roast 
their  faces  over  the  gas.  It  does  our 
ironing  in  half  the  time  it  used  to  take  in 
the  old  way.  It  is  always  hot  and  clean, 
no  wax  is  needed,  as  it  is  always  smooth 
and  never  sticks." 

"Well,  said  Mrs.  Gate,  "may  I  use 
your  telephone  ?  "  I  won't  lose  a  moment 
in  calling  up  the  electric  light  company 
and  telling  them  to  send  me  the  two  sizes 
of  irons  right  off,  as  I  shall  not  iron  an- 
other piece  in  the  old  way.  Thank  you 
so  much  for  telling  me  of  your  irons.  I 
am  so  glad  I  came  this  morning — I  am 
sure  I  never  will  regret  it."  And  she 
never  did. 


AFTERNOON  TEA  WITH   MRS.  VAN 
SYCKLE. 

It  was  Thursday  and  Mrs.  Van  Syckle 
was  receiving  in  her  pretty  little  parlor. 
Already  six  people  had  called  and  just 
as  the  bell  rang  to  admit  the  seventh,  the 
little  maid  opened  the  doors  leading  into 
the  dining-room  and  announced  that  tea 
was  served.  "We  have  all  been  looking 
forward  to  this  day  with  so  much  pleas- 
ure, Mrs.  Van  Syckle,  we  have  been  so 
anxious  to  see  your  electric  devices." 
"Is  this  tea  really  made  from  water 
boiled  in  that  fascinating  pot  with  the 
fire  an  absent  quantity?"  These  ques- 
tions were  asked  by  the  ladies  as  they 
gathered  around  the  dining-room  and  ac- 
cepted the  pretty  cups  passed  to  them, 
and  gazed  inquiringly  at  the  tempting 
little  luncheon  prepared  for  them. 

"Yes,"  answered  Mrs.  Van  Syckle, 
"and  this  coffee  was  made  in  the  coffee 
percolator  on  purpose  for  Mrs.  Toy  as 
she  does  not  drink  tea.  You  will  see 
that  the  flavor  of  the  coffee  is  much  finer 
and  the  color  richer  when  made  in  this 
way."  Pretty  Mrs.  Toy  was  charmed 
with  the  coffee  and  spoke  up  in  her  quick 


way:  "My  husband  said  he  would  get 
some  of  these  devices  for  me  as  soon  as 
I  learned  to  be  more  careful,  as  I  am 
sorry  to  say  I  so  often  forget,  and  the 
water  would  boil  away  and  then  I  am 
told  the  utensil  would  be  ruined."  "Oh, 
no!"  said  Mrs.  Van  Syckle,  "that  is  the 
beauty  of  these  devices,  they  are  inde- 
structible, they  will  burn  500  hours  or 
more  without  injury. 

Just  then  the  little  maid  uncovered  the 
chafing  dish  and  served  the  delicious 
creamed  lobster  with  thin  bread  and  but- 
ter. "This  bread,  my  friends,  was  baked 
in  my  electric  oven,  but  really  this 
chafing  dish  is  the  finest  device  of  all. 
If  you  are  in  a  hurry  and  only  want  a 
light  luncheon,  or  an  after  theatre  supper 
it  is  invaluable.  Some  evening  I  want 
to  have  you  all  come  in  after  the  theatre 
and  we  will  show  your  husbands  how 
really  necessary  these  devices  are." 

After  a  delightful  afternoon  the  ladies 
went  home  singing  in  their  hearts,  "What 
is  home  without  electric  conveniences?" 


ELECTRIC   HAIR  DRYER. 

How  often  some  lady  has  made  the 
remark  "I  would  like  a  good  shampoo  at 
home  before  going  to  the  theatre,  but 
cannot,  because  my  hair  is  so  abundant 
that  it  takes  forever  to  dry."  To  meet 
this    want   the    Shelton    hair    dryer   has 


been  perfected  and  by  its  use  the  exhil- 
arating effects  of  a  good  shampoo  may 
be  enjoyed  in  the  privacy  of  the  home. 

The  hair  dryer  is  built  of  aluminum 
and  weighs  23/j  pounds.  It  will  operate 
from  the  ordinary  no  volt  alternating 
current  lighting  circuit,  and  is  attached 
by  means  of  a  cord  and  plug. 

By  simply  turning  a  key  the  same  as 
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in  any  lighting  socket,  one  step  to  the 
right,  you  receive  a  strong  breeze  of  cold 
air.  Turn  the  key  two  steps  to  the  right 
and  you  receive  a  powerful  breeze  of 
warm  air  that  will  dry  a  heavy  head  of 
hair  in  five  to  six  minutes.  A  third  turn 
of  the  key  to  the  right  cuts  off  the  cur- 
rent. 

These  results  are  obtained  from  a  lit- 
tle electric  fan  which  revolves  inside  the 
dryer.  To  obtain  the  warm  air  current 
a  resistance  is  switched  in  by  turning  the 
key  to  the  second  point,  and  the  heat 
generated  by  the  current  flowing  through 
this  resistance  is  carried  outward  by  the 
breeze. 


ELECTRIC  ROTARY  FLOOR  POLISHER 

A  unique  labor  saving  device  is  shown 
in  the  picture  herewith,  and  is  used  with 
slight  effort  on  the  part  of  the  operator. 
It  not  only  polishes  floors  but  also  is 
said  to  be  of  great  value  as  a  sanding 


ELECTRIC  ROTARY  FLOOR  POLISHER. 

device  by  applying  sandpaper  or  canbor- 
undum  cloth. 

It  is  stated  that  this  machine  will  cut 
down  any  burrs  or  warped  edges  on  any 
kind  of  floor  with  great  speed,  doing  at 
least  300  square  feet  per  hour  and  pro- 
ducing a  perfectly  smooth  surface. 

It  is  held  that  the  high  speed  and  ro- 
tary motion  will  not  permit  the  grain  of 
the  wood  to  curl  up  which,  cannot  be 
avoided  in  hand  work.        The  machine 


weighs  about  50  pounds  and  is  operated 
with  a  direct  or  alternating  current  of 
2.25  amperes,  developing  about  one  sixth 
of  a  horse  power. 


AN  ELECTRIC  SUCTION  SWEEPER. 

Dust  is  the  greatest  vehicle  there  is  for 
conveying  germs,  and  in  using  a  broom, 
whatever  may  be  tracked  into  the  house 
on  the  shoes  is  sent  up  in  clouds  to  settle 
on  pictures,  drapery  and  furniture.  Va- 
cuum cleaning  outfits  prove  both  con- 
venient and  cleanly,  although  they  re- 
move the  loose  dirt  only  by  suction. 

In  the  electric  suction  sweeper  shown 
herewith  are  combined  the  cleaning  ef- 
fects of  the  broom,  by  an  electrically  op- 
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ELECTRIC   SUCTION  SWEEPER. 

erated  brush,  with  the  dust  prevention 
and  absorption  of  the  vacuum  process,  by 
an  electrical  section  fan  which  draws 
every  particle  of  sand,  dust,  and  dirt  into 
the  dirt  bag. 

The  hygenic  value  of  vacuum  clean- 
ing, while  universally  acknowledged,  has 
heretofore  been  available  only  where  it 
was  possible  to  install  permanent  plants 
or  by  hauling  one  of  the  movable  engines 
to  the  building.  The  electric  suction 
sweeper,  as  the  name  implies,  is  a  com- 
bined sweeper  and  vacuum  cleaner  that 
is  as  easily  handled  as  an  ordinary  carpet 
sweeper. 
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VACUUM  CLEANING  OUTFIT. 

A  vacuum  system  for  cleaning  car- 
pets, rugs,  hangings,  etc.,  is  ideal,  for  the 
reason  that  no  dust  is  allowed  to  escape 
into  the  room.  Many  modern  homes  are 
now  arranged  with  piping  to  the  various 
rooms  to  which  the  hose  for  the  various 
cleaning  tools  is  attached.  The  air  pump 
which  produces  the  vacuum  is  located  in 
the  basement. 

In  the  Palm  system  the  pump  is  driven 
by  a  small  electric  motor  mounted  on  the 
pump  frame.     The  motor  is  clean  and 


VACUUM   CLEANING  OUTFIT. 

noiseless  and  requires  no  attention  or 
special  skill  in  its  operation.  The  dust 
laden  air  from  the  carpets  is  drawn 
through  the  hose  into  the  pipe  line 
and  from  there  is  sucked  into  the  pump 
cylinder.  The  pump  is  provided  with  a 
loose  fitting  piston,  and  a  constant  flow 
of  water  is  maintained  between  the 
piston  and  cylinder.  The  dust  on  enter- 
ing the  cylinder  mingles  with  the  water 
and  is  discharged  into  the  s^wer. 


ELECTRIC  WATER  HEATERS   NOT   DAN- 
GEROUS. 

The  coroner  in  one  city  has  decided 
that  the  many  deaths  that  have  occurred 
in  bath  tubs,  and  which  have  been  at- 
tributed to  heart  disease,  were  in  reality 
caused    bv    the    gas    water    heaters    so 


often  used  in  bath  rooms.  Bath  rooms 
are,  as  a  rule,  comparatively  small  and 
tight.  The  gas  heater  consumes  the 
oxygen  very  rapidly,  and  it  is  believed 
that  this  is  the  cause  of  death  which  has 
occurred  so  often  under  these  condi- 
tions. 


WILL  ELECTRICITY  RETARD  OLD  AGE? 

BY  NOBLE  M.   EBERHART,      M.   D. 

Since  the  days  of  Ponce  de  Leon  man 
has  sought  in  one  manner  or  another  for 
the  Fountain  of  Eternal  Youth  or  for 
some  wonderful  elixir  of  life  that  would 
vanquish  the  ravages  of  time.  For  sev- 
eral years  the  medical  press,  especially 
those  journals  devoted  to  the  healing 
properties  of  electricity,  have  occasional- 
ly chronicled  the  fact  that  high-frequen- 
cy electrical  currents  of  the  type  discov- 
ered by  D'Arsonval  are  capable  of  lower- 
ing the  pressure  of  the  blood  and  thus 
relieving  them  when  subjected  to  undue 
strain. 

Recently  similar  articles  have  appeared 
in  the  daily  press  recounting  the  effects 
of  these  currents  in  preventing  or  curing 
the  hardening  of  the  arteries  that  takes 
place  in  old  age,  and  thereby  prolonging 
the  life  of  the  individual,  particularly  in 
those  cases  where  this  change  occurs 
prematurely. 

In  the  first  place  it  will  be  desirable  to 
tell  how  the  blood  vessels  become  weak- 
ened and  brittle  and  why  this  is  danger- 
ous to  the  life  of  the  individual,  and  that 
the  saying  has  arisen  that  "A  man  is  as 
old  as  his  arteries." 

Medical  men  consider  these  changes 
that  take  place  in  the  arteries  as  being  es- 
sentially the  result  of  an  error  or  failure 
in  nutrition.  By  nutrition  is  meant  the 
actual  feeding  or  nourishing  of  the  cells 
that  make  up  the  tissues  of  the  body. 

The  cause  of  this  nutritional  disturb- 
ance is  usually  found  to  be  long-contin- 
ued muscular  strain,  gout,  rheumatism, 
excesses,  infections,  etc. 

In  the  early  years  of  life,  repair  take- 
place  easily,  exceeding  the  waste  and 
thereby  promoting  growth.  This  is  fol- 
lowed by  a  period  in  which  repair  and 
waste  are  essentially  equal  and  finally  by 
one  m  which  waste  exceeds  repair  and 
the  tissues  take  on  the  changes  that  we 
call  old  age.  Now  if  something  happens 
to  interfere  with  the  bodily  economy,  es- 
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pecially  in  the  nourishment  or  nutrition 
of  certain  parts,  these  may  .take  on  at  an 
early  period  the  changes  that  usually  be- 
long to  advanced  years. 

In  the  case  of  the  arteries  this  is  mani- 
fested by  a  fibrous  thickening  of  their  in- 
terlining or  by  an  increased  deposit  of 
mineral  salts  in  their  walls,  making  them 
lose  much  of  their  elasticity  and  tone,  so 
that  in  this  brittle  condition  they  easily 
give  way  to  any  sudden  strain  put  upon 
them,  through  increased  blood  pressure 
from  any  cause.  If  an  important  artery 
ruptures,  death  frequently  results,  as  in 
the  case  of  apoplexy,  which  is  caused  by 
the  bursting  of  an  artery  in  the  brain.  In 
these  cases,  if  death  does  not  follow, 
paralysis  does.  The  hardening  of  arteries 
is  called  by  physicians  arterio-sclerosis. 

It  is  obvious  to  any  one  that  if  the 
walls  of  the  arteries  are  weakened,  then 
anything  that  will  lower  the  pressure  of 
the  blood  will  lessen  the  strain  on  them 
and  tend  to  prevent  their  rupture  and  the 
consequences  thereof.  How  are  we  go- 
ing to  find  out  whether  the  arteries  are 
undergoing  these  changes? 

In  advanced  cases  the  physician  can 
detect  the  changes  by  the  touch,  and  the 
arteries  in  the  wrists  show  various  de- 
grees of  hardness,  sometimes  feeling  like 
small  hard  tubes,  and  in  other  cases  as 
the  finger  passes  along  the  artery  the 
sensation  is  that  of  passing  over  a  string 
of  beads. 

In  some  cases  the  degeneration  will 
take  place  in  an  important  artery  that  is 
not  accessible  for  examination.  By  as- 
certaining the  pressure  of  the  blood  in 
some  one  of  the  principal  arteries  we  are 
able  to  tell  whether  it  is  higher  than  it 
normally  should  be. 

For  this  purpose  an  instrument  called 
a  sphygmomanometer  is  used  which 
shows  by  the  height  of  a  column  of  mer- 
cury the  pressure  of  the  blood.  The  ap- 
paratus need  not  be  described  here.  Suf- 
fice it  to  say  that  the  normal  blood  pres- 
sure as  thus  indicated  is  ioo  to  130  milli- 
meters in  a  woman  and  115  to  145  milli- 
meters in  a  man.  A  rise  above  these 
limits  shows  the  tendency  toward  arterio- 
sclerosis and  the  necessity  of  reducing 
this  abnormal  pressure. 

Now  for  the  method. 
•  D'Arsonval  discovered  that  by  means 
of  two  condensers  with  a  coil    of    wire 


(called  a  solenoid)  interposed,  he  could, 
by  rapidly  charging  and  discharging 
these  condensers,  produce  in  the  solenoid 
alternating  electrical  currents  of  very 
high  frequency,  and  by  connecting  the 
body  of  an  individual  with  the  ends  of 
the  coil,  these  same  high-frequency  cur- 
rents could  be  made  to  travel  rapidly 
back  and  forth  through  the  human  body. 

The  effect  of  these  rapid  oscillations 
on  the  body  is  to  increase  nutrition,  in- 
crease the  oxygenation  of  the  blood, 
lower  the  arterial  pressure  and  increase 
the  carrying  off  of  urates,  phosphates, 
etc. 

An  American  form  of  the  outfit  is 
shown  in  the  illustration.  In  this  case 
the    current   is   taken    from    the   electric 
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AUTO-CONDENSATION    COUCH. 

light  plug  and  carried  through  an  induc- 
tion coil  and  then  into  the  condensers 
and  solenoid  of  D'Arsonval,  from  which 
it  is  carried  into  a  couch  that  the  patient 
is  placed  on. 

This  couch  has  rubber  cushions  lying 
on  sheets  of  zinc.  The  zinc  is  charged 
from  one  side  of  the  machine,  and  the 
patient  from  the  other  (by  holding  han- 
dles connected  therewith).  The  rubber 
cushions  prevent  the  current  from  pass- 
ing directly  between  the  patient  and  the 
plate. 

This  method  is  called  auto-condensa- 
tion (self-condensation),  because  the  pa- 
tient forms  one  plate  .of  a  condenser  of 
which  the  zinc  plate  is  the  other,  and  the 
cushion  the  part  (called  di-electric) 
through  which  the  positive  and  negative 
charges  hold  one. another,  although  un- 
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able  to  pass  through  and  neutralize. 
Glass  is  even  better  than  rubber  for  this 
purpose. 

By  means  of  a  hot-wire  meter  the  cur- 
rent in  the  patient  is  accurately  measured 
and  the  dose  is  150  to  500  milliamperes, 
with  200  as  an  average  amount. 

The  plate  is  charged  negatively  while 
the  patient  holds  a  positive  charge.  The 
next  instant  both  have  been  discharged 
and  recharged  with  the  opposite  kind  of 
electricity,     thus     producing     the     rapid 


wave  that  passes  through  the  body.  These 
alternations  occur  a  million  times  per 
second  and  the  current  used  is  one  of 
millions  of  volts.  After  ten  to  20  minutes 
of  this  treatment  the  arterial  tension  will 
be  found,  by  testing,  to  be  perceptibly 
lowered,  and  by  keeping  up  the  treat- 
ment it  may  be  permanently  maintained 
at  the  normal  pressure,  thus  robbing-  the 
■individual  of  the  principal  danger  of  old 
age,  whether  timely  or  premature,  name- 
ly, the  danger  of  rupturing  important 
blood  vessels. 


ELECTRIC    RAILWAY     ON    A    200-YEAR- 
OLD    VIADUCT. 

Rio  de  Janeiro,  oldest  city  of  Brazil, 
once  brought  up  visions  of  a  vast  laby- 
rinth of  narrow>  crooked,  unsewered, 
boulder-cobbled  and  poorly  lighted 
streets — the  haunt  of  yellow  fever  breed- 
ing mosquitoes.     To-day,  however,  it  is 


bears,  besides  its  weight  of  years,  one 
of  the  lines  of  the  modern  and  well 
equipped  electric  railway  system  of 
which  the  city  can  now  boast.  This  pic- 
ture, reproduced  through  the  courtesy  of 
the  Electrical  World,  shows  a  strange 
mixture  of  the  ancient  and  modern. 
Probably  no  other  electric  railway  in  the 


ELECTRIC    RAILWAY   ON    200-YEAR-OLD    VIADUCT. 


healthful,  well  lighted  and  with  a  trans- 
portation system  underway  of  which 
any  city  might  be  proud. 

Splendid  examples  of  ancient  architec- 
ture have  been  handed  down  through  the 
centuries,  among  them  an  old  viaduct 
which  was  built  200  years  ago.  Still 
solid   and   substantial   this   old   structure 


world  is  laid  on  a  road  bed  such  as  this. 


Leaving  aside  any  feature  of  advertis- 
ing, every  electric  light  placed  on  the 
buildings  in  a  city  street  adds  to  the  gen- 
eral illumination,  and,  by  a  parity  of 
reasoning,  to  the  cheerfulness  and  safety 
of  the  street. 


ELECTRICAL  MEN  OF  THE  TIMES. 

LOUIS  A.  FERGUSON. 


A  prominent  man  in  electrical  circles 
today  is  Mr.  Louis  A.  Ferguson,  the 
newly  elected  president  of  the  American 
Institute  of  Electrical  Engineers.  Elec- 
tion to  this  office  means,  perhaps,  the 
highest  mark  of  approval  that  it  is  in 
the  power  of  the  electrical  fraternity  to 
bestow  upon  a  fellow  worker.  Mr.  Fer- 
guson is  vice  president  of  the  Common- 
wealth Edison  Company  of  Chicago.  He 
and  Mr.  Bion  J.  Arnold,  a  sketch 
of  whose  career  appeared  in  the  June  is- 
sue of  Popular  Electricity,  are  the 
only  two  western  men  to  be  elected  presi- 
dent of  the  Institute. 

Mr.  Ferguson  was 
born  in  Dorchester, 
Mass.,  in  1867.  Here 
he  received  his  com- 
mon school  education, 
later  entering  Massa- 
chusetts Institute  of 
Technology,  where  he 
graduated  in  1888. 
Immediately  after 
graduation  he  accept- 
ed a  position  with  the 
Chicago  Edison  Com- 
pany, which  was 
then  the  name  of  the 
Chicago  lighting 
company,  and  he  has 
remained  with  the 
company  ever  since, 
filling  positions  of  re- 
sponsibility in  nearly 
every  department  of 
the  organization. 

Although  Mr.  Ferguson  began  his 
work  in  the  engineering  and  operating 
end  of  the  business  he  handled  such 
commercial  work  as  came  within  his 
province  so  successfully  that  the  atten- 
tion of  the  management  was  attracted  to 
his  efforts,  leading  to  his  appointment  to 
positions  of  a  managerial  nature,  lead- 
ing finally  to  his  election  to  the  office  of 
vice  president. 

Always  active  and  aggressive,  Mr. 
Ferguson  not  only  drew  the  attention  of 
the  management  of  his  own  company  to 
his  abilities,  but  also  early  became  rec- 
ognized among  central  station  people 
throughout  the  country  as  a  man  from 


whom  important  things  might  be  ex- 
pected. He  became  prominent  in  the 
various  associations  of  electrical  men, 
presenting  valuable  papers  before  the 
National  Electric  Light  Association,  the 
Association  of  Edison  Illuminating  Com- 
panies, the  International  Electrical  Con- 
gress, etc.  In  1901-2  he  was  president 
of  the  Association  of  Edison  Illuminat- 
ing Companies,  and  was  re-elected  for 
1902-3.  He  was  also  president  of  the 
National  Electric  Light  Association  dur- 
ing 1902-3. 

Another  important  contribution  was 
his  work  in  conjunc- 
tion with  Dr.  Louis 
Bell  and  James  I. 
Ayer  upon  the  prepa- 
ration of  a  suitable 
specification  for  a 
standard  incandescent 
lamp,  and  the  deter- 
mination of  a  proper 
method  for  the  com- 
mercial application  of 
this  standard.  The 
result  of  this  work 
was  presented  in  a  re- 
port entitled  "Stand- 
ard Candle-power  of 
Incandescent  Lamps,'' 
which  was  submitted 
to  the  National  Elec- 
tric Light  Associa- 
tion at  Niagara  Falls 
in   January,    1897. 

While  not  a  club 
man  in  the  ordinary 
acceptance  of  the  term,  Mr.  Ferguson 
belongs  to  a  large  number  of  clubs,  in- 
cluding the  Commercial  Club  of  Chi- 
cago, the  University  Club,  the  Union 
League,  Chicago  Athletic,  Mid-Day, 
Evanston  Country  Club  and  the  On- 
wentsia  and  Glenview  golf  clubs. 

Mr.  Ferguson  is  credited  with  being 
the  first  engineer  in  this  country  to  rec- 
ommend a  central  station  system  gener- 
ating three  phase  alternating  current, 
with  transmission  lines  to  substations 
operating  rotaries  converting  from  alter- 
nating to  direct  current  for  general  dis- 
tribution. 


THE  THEORIZER'S  CORNER. 

Man}-  of  us  have  a  pet  theory  that  we  are  aching  to  give  to  the  world  at  large.  There 
are  others  who  feel  it  their  duty  to  run  down  and  "explode"  such  theories  wherever  possible. 
We  are,  therefore,  going  to  set  aside  a  corner  in  Popular  Electricity  where  the  theorizer  and 
the  "exploder"  may  meet  on  common  ground,  and  we  await  with  interest  the  "fire  works"  to 
follow.  The  department  will  be  devoted  to  theories  concerning  electricitv  and  allied  sciences. 
and  the  idea  was  suggested  by  a  "new"  theory  propounded  to  us  as  to  the  cause  of  thunder 
and  lightning,  which  we  print  below  for  what  it  is  worth.  If  any  one  has  any-  objections  to 
the  theory  let  them  be  set  forth  in  cold  type. —  Editor. 


CAUSE  OF    THUNDER    AND    LIGHTNING. 

The  earth  revolving  around  the  sun 
moves  through  space  at  the  enormous 
speed  of  19  odd  miles  per  second.  As 
the  earth  rotates  upon  its  axis  its  at- 
mosphere, of  course,  rotates  with  it.' 
Since  the  atmosphere  surrounds  the 
earth  as  a  thin  envelope,  only,  at  the 
point,  or  surface- rather,  where  the  at- 
mosphere ends  the  ether  must  begin. 
The  ether  being  stationary,  the  friction 
of  the  rotating  atmosphere  rubbing, 
against  it  produces  electricity. 

As  is  well  known,  the  atmosphere  ex- 
pands and  contracts  with  the  variation 
of  temperature,  and  may  therefore  be 
looked  upon  as  a  great  ball  which  is 
constantly  shrinking  or  expanding.  As 
the  atmosphere  contracts  there  is  a  huge 
vacuum  left  between  it  and  the  ether. 
As  it  expands  again  it  surges  back  into 
the  vacuum  with  a  loud  report,  louder 
than  the  loudest  cannon — a  noise  called 
thunder.  The  sparking  of  the  brush 
(the  ether)  and  the  commutator  (the 
atmosphere)  as  the  ether  rubs  against 
the  atmosphere  is  caused  by  the  irreg- 
ularity of  the  surfaces  and  is  the  phe- 
nomenon which  we  know  as  lightning. 
This  spark  or  discharge  punctures  the 
vacuum,  and,  owing  to  the  enormous 
voltage  involved,  sometimes  punctures 
clear  through  to  the  earth. 

R.  S. 


WORLDS  WITHIN  WORLDS 

Most  scientists  of  the  present  day  be- 
lieve in  the  ionic  theory  of  matter;  that 
is,  that  all  matter  is  made  up  of  posi- 
tively and  negatively  charged  ions. 
These  ions  are  supposed  to  be  infinitely 
smaller  than  atoms  and  are  also  thought 
to  be  separated  from  each  other  bv  vast 
distances — that  is,  vast  in  proportion  to 
the  size  of  the  ions.  These  ions  are 
constantly  on  the  move  in  little  paths  of 


orbits  of  their  own,  and  the  sum  of  their 
mutual  attractions  and  repulsions  hold 
them  in  a  state  of  equilibrium.  In  the 
confines  of  a  single  drop  of  water,  there- 
fore, we  may  have  a  miniature  solar  sys- 
tem, the  ions  taking  the  place  of  the 
stars  and  separated  from  each  other  by 
distances,  which,  in  comparison  to  the 
size  of  the  ions,  are  as  great  as  those  be- 
tween the  stars. 

This  seems  hard  to  understand  or 
imagine,  but  it  is  no  more  difficult  of 
comprehension  than  the  infinitely  large. 
When  we  look  into  the  heavens  on  a 
clear  night  and  try  to  imagine  what  is 
beyond  and  beyond,  we  are  borne  away 
by  our  own  thoughts.  Infinity  is  in- 
comprehensible, whether  the  infinitely 
large  or  the  infinitely  small.  It  is  not 
difficult,  therefore,  to  persuade  ourselves 
that  the  plan  of  the  universe  is  but  a 
system,  within  a  system.  A  drop  of  wa- 
ter may  consist  of  a  system  of  ions  like 
stars,  perhaps  inhabited  by  beings  infi- 
nitely small.  On  the  other  hand,  the 
stars  which  we  see  at  night  may  be  but 
the  ions  of  another  system,  our  little 
earth  being  but  one  of  them,  and  all  the 
stars  which  we  see  may  simply  go  to 
make  up  a  drop  of  water,  a  grain  of 
sand  or  whatnot,  over  which  gigantic 
beings  tread  and  never  imagine  they  are 
walking-  on  worlds  within  worlds  be- 
neath them. 

So  it  might  go  on,  system  within  sys- 
tem. The  life  of  a  drop  of  water  as 
comp'ared  to  that  of  our  solar  system  is 
as  nothing.  The  life  of  our  solar  system 
as  compared  with  eternity  is.  likewise,  as 
nothing.  There  is  time  and  space  in 
plenty  for  working  out  the  problem  of 
existence  for  an  infinite  number  of  sys- 
tems, and  it  makes  no  particular  differ- 
ence how  large  or  how  small  those  sys- 
tems may  be. 

A.  V.  R 
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A  SIMPLE  ARC  LIGHT. 

A  very  simple  yet  interesting  minia- 
ture arc  light  can  be  made  at  almost  no 
cost.  The  first  thing  needed  is  a  cigar 
box.  Take  off  the  top,  and  it  should 
now  look  like  (A)  in  Fig.  I.  The 
next  thing  necessary  is  a  small  block  of 
wood  (B),  which  should  be  fastened  to 
the  bottom  of  the  box,  after  having  a 
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FIG.  1.     SIMPLE  ARC  LIGHT. 

hole  about  1-16  inch  in  diameter  bored  in 
the  middle.  This  block  of  wood  should 
be  about  one  inch  high. 

Next  procure  two  Dinding  posts  from 
an  old  dry  battery  and  mount  them  as 
shown  at  (PP).  The  last  things  needed 
are  two  small  carbons  which  are  taken 
from  a  hard  lead  pencil.  One  of  these 
carbons  is  mounted  in  the  block  (B)  and 
the  other  is  run  through  a  hole  in  the 
top  of  the  box  immediately  over  the  first. 
This  hole  should  make  a  close  fit  for 
the  carbon  and  the  latter  may  be  fed  by 
hand. 

To  each  binding  post  a  piece  of  No. 
z2  copper  wire  (W)  is  fastened  and  car- 
ried to  the  carbons,  where  it  is  wound 
around  each  very  tightly.  Now  con- 
nect the  wires  from  the  no-volt  house 
current  or   10  dry  cells  to  each  binding 


post.  If  the  carbons  are  touched,  then 
slowly  drawn  apart,  you  have  a  bright 
arc  light.  The  fine  copper  wires 
(WW)  should  be  carefully  fastened  to 
the  carbons,  or  it  will  result  in  the 
breaking  of  them. 

In  case  the  -no- volt  lighting  current 
is  used  it  is  best  to  insert  a  home  made 
water  rheostat  in  the  circuit  to  cut  down 
the  force  of  the  current  which  would 
otherwise  eat  up  the  carbons  too  fast. 

This  water  rheostat  is  shown  in  Fig. 
2.      A    tin    can    is    partially    filled    with 
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FIG.  2.     WATER  RHEOSTAT. 

water.  No.  22  rubber  covered  wire  is 
run  from  one  connection  in  the  wall 
socket  and  soldered  to  the  side  of  the 
can.  Through  a  piece  of  wood  across 
the  top  of  the  can  a  heavy  wire  is  run 
down  into  the  water  as  shown.  This  wire 
is  connected  by  a  rubber  covered  wire 
with  the   lower   binding  post  and    from 
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there  to  the  lower  carbon.  A  wire  is 
then  run  from  the  upper  carbon  to  the 
other  connection  in  the  wall  socket.  By 
lowering  and  raising  the  heavy  wire  in 
the  water  the  right  amount  of  current 
can  be  obtained.  If  necessary  a  little 
salt  may  be  mixed  in  the  water,  which 
will  allow  more  current  to  flow. 

R.  D.  Harris. 


CONSTRUCTION    OF    A  SMALL    SWITCH- 
BOARD. 

There  are  many  boys  who  like  to 
spend  their  leisure  hours  in  working  or 
experimenting  with  batteries  and  other 
simple  electrical  apparatus.  Such  boys, 
through  their  reading,  soon  find  out  that 
there  are  many  things  which  they  cannot 
do  with  batteries,  such,  for  instance,  as 
heating  wires     or     producing  powerful 


which  are  mounted  a  double  pole  knife 
switch  (MS)  (see  diagram),  a  single 
pole  knife  switch  (LS),  a  socket  and 
lamp  (S),  four  small  binding  posts, 
(Pi),  (P.),  (P3)  and  (PJ,  which  hold 
the  fuses  (F)  and  (F'),  and  two  large 
binding  posts,  (B)  and  (B').  The  con- 
nections between  these  switches  and 
binding  posts  should  be  made  with  No.  14 
rubber-covered  copper  wire,  passed 
through  holes  in  the  base,  and  pressed 
snug  up  against  the  under  side.  The 
courses  of  these  wires  are  shown  by  the 
dotted  lines  and  they  come  up  through 
holes  in  the  board  and  fasten  to  the  vari- 
ous contacts. 

The  board  should  next  be  fastened  to 
the  wall  over  the  work-table  by  screws 
at  its  four  corners,  and  should  be  held 
about    three-quarters    of    an    inch    from 
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magnetic  forces.  But  there  is  a  source 
of  current  by  which  these  things  can  be 
done,  and  that  is  the  no-volt  current,  al- 
ternating or  direct,  which  is  used  for 
lighting.  Because  of  its  strength,  how- 
ever, certain  precautions  must  be  taken 
to  prevent  it  from  producing  heating 
effects  when  they  are  not  desired. 

In  order  to  use  this  no-volt  current 
safely  the  youthful  experimenter  should 
first  provide  himself  with  a  simple 
switchboard,  which  he  may  easily  con- 
struct himself.  A  switchboard,  which 
any  boy  may  make  himself,  is  described 
below,  and  it  will  enable  him  to  secure 
current  of  almost  any  strength  desired. 

The  first  thing  that  should  be  con- 
structed is  a  marble,  slate  or  hardwood 
base,  about  8  inches  by  18  inches,  upon 


the  wall  by  small  blocks  of  wood,  so  the 
wires  cannot  come  in  contact  with  the 
wall.  The  wires  (W),  (W)  should  be 
run  in  moulding  to  a  cut-out  box  or  fix- 
ture, and  there  connected  to  the  electric 
light  wires.  It  is  best  to  have  means  for 
quickly  turning  on  or  shutting  off  the 
current  to  the  apparatus,  which  is  con- 
nected, by  wires,  to  the  binding  posts 
(B)  and  (B').  The  switch  (LS)  lights 
the  lamp  in  the  socket  (S).  This  shows 
whether  or  not  there  is  current  at  (B) 
and  (B')  when  (MS)  is  on.  If  a  very 
simple  switchboard  is  desired  (LS)  and 
(S),  with  their  connections,  may  be 
omitted. 

A  simple  and  amusing  experiment  is 
the  following :  Connect  a  very  fine  piece 
of  copper  wire.   No.  30  to   No.   36,   be- 
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tween  (B)  and  (B')  when  (MS)  is  off. 
Upon  turning  (MS)  on.  the  fine  wire 
will  explode  with  quite  a  report,  and  a 
bright  flash  will  accompany  the  report. 
This  may  also  be  done  by  short-circuiting 
a  flexible  cord  with  fine  wire,  but  care 
must  be  taken  not  to  have  it  near  any 
combustible  material. 

LOUIS  H.  ROLLER. 


A  SIMPLE  ELECTROSTATIC  MACHINE. 

Nearly  everybody  has  seen,  at  one 
time  or  another,  one  of  those  great  elec- 
trical machines  used  for  medical.  X-ray 
or  experimental  purposes,  with  its  rap- 
idly revolving  glass  or  rubber  plates,  its 
shining  metal,  and  its  flashing,  crack- 
ling sparks  like  miniature  lightning 
strokes. 

For  ordinary  purposes  of  experiment 
an  efficient  substitute  for  one  of  these 
machines  may  be  made  out  of  a   large 
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FIG.  1.      SIMPLE  ELECTROSTATIC  MACHINE 

metal  serving  tray,  a  few  common  glass 
tumblers,  a  sheet  of  good  manila  paper, 
and  a  woolen  cloth.  There  are  no  re- 
volving plates  about  this  machine,  but 
the  principle  is  the  same. 

For  good  results  everything 
be  dry  and  warm.  The  tray  is 
on  the  tumblers,  as  shown  in  Fig 
is  therefore  insulated. 

Then  the  manila  paper  is  spread  on 
the  table  or  floor  and  rubbed  or  stroked 
vigorously  with  the  woolen  cloth,  after 
which  it  is  lifted  by  two  corners  and 
dropped  onto  the  insulated  tray.  Now 
if  the  knuckle  be  quickly  approached  to 
the  edge  of  the  tray,  a  sharp  little  spark 
will  be  drawn,  possibly  a  half  inch  in 
length. 

With  this  arrangement  we  may  per- 
form many  of  the  experiments  described 
in  books  on  physics.  A  miniature  head 
of  hair  placed  on  one  side  of  the  tray 
will  proceed   to   stand   on   end   through 


mutual     repulsion     when     the     charged 
paper  is  in  place.     (See  Fig.  I.) 

A  short  piece  of  copper  wire  bent  into 
the  shape  shown  in  Fig.  2,  with  the  ends 


sharpened,  forms  the  electrical  windmill. 
The  center  of  the  wire  is  flattened  and 
slightly  indented  with  a  prick-punch  or 
other  sharp  instrument,  so  that  the  wire 
may  be  balanced  on  the  point  of  a  pin. 
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FIG.   2.     ELECTRIC  WINDMILL. 

When  the  affair  is  placed  on  one  end 
of  the  tray,  it  revolves  furiously  while 
the  charge  from  the  electrified  paper 
lasts.  The  explanation  is  that  the  elec- 
trified air  is  repelled  from  the  sharp 
points  so  fast  that  it  drives  them  back- 
ward, just  as  jets  of  steam  would  do. 

Fig.  3  shows  a  bell  or  gong  suspended 
from  the  edge  of  the  tray  on  a  wire, 
while  a  similar  one  is  supported  a  half 
inch  from  it  on  a  metal  base.  A  small 
metal  button,  suspended  by  a  silk  thread 
so  that  it  hangs  just  between  the  two 
gongs,  will  be  alternately  attracted  and 
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FIG.    3.     ELECTRIC   GONG. 

repelled  by  the  charged  gong,  and  will 
keep  up  a  lively  tattoo  while  the  charge 
lasts. 

Of  course  we  can  use  this  machine  to 
charge  Ley  den  jars,  which  vastly  in- 
creases the  scope  of  our  experiments. 
The  simplest  form  of  Leyden  jar  is  not 
a  jar  at  all,  but  simply  a  pane  of  glass 
with  a  sheet  of  tinfoil  pasted  on  each 
side  to  within  an  inch  of  the  edges,  as 
4.     This  must  be  held  so 


shown  in  Fig 
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that  the  hand  touches  only  the  tinfoil 
on  one  side.  The  other  side  must  be 
presented  to  the  tray  several  times,  when 
it  will  be  found  to  be  charged  with  elec- 
tricity. One  can  receive  quite  a  smart 
shock  by  touching  both  sides  at  once, 
and  the  spark  is  much  louder  and  more 
brilliant  than  that  from  the  tray  alone. 
An  interesting  experiment  is  to  insert 
a  cork  in  a  hole  in  the  side  of  a  tin  can 
(Fig.  4),  running  a  wire  through  the 
cork  until  it  almost  touches  the  inside 
of  the  can.  If  the  mouth  of  the  can  is 
held  over  the  open  gas  jet  until  it  con- 
tains a  mixture  of  air  and  gas,  the  cover 
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4.     INTERESTING    ELECTRICAL 
EXPERIMENT. 


put  on,  and  the  projecting  wire  touched 
to  one  side  of  the  charged  Leyden  jar 
or  plate,  while  the  other  side  is  touched 
with  the  other  hand,  an  explosion  will 
follow  that  will  blow  the  cover  from 
the  can.  This  illustrates  the  principle 
of  the  electrically  ignited  gas  engine. 

A  host  of  other  experiments  will  sug- 
gest themselves,  but  the  amateur  who 
has  got  as  far  as  this  will  probably  de- 
cide to  build  one  of  the  more  efficient 
revolving  plate  machines. 


DEPOSITING  METAL  ON  INSECTS. 

Those  who  have  a  small  electroplating 
equipment  will  find  the  following  experi- 
ment interesting.  The  insects  to  be  elec- 
troplated are  first  dipped  in  an  albumi- 
nous fluid,  such  as  the  white  of  an  egg. 
They  are  next  dipped  in  a  bath  consisting 
of  a  20  per  cent  solution  of  nitrate  of 
silver  (poison)  and  then  exposed  to 
hydrogen  sulphide  gas,  to  reduce  the  sil- 
ver nitrate  to  metallic  silver.  They  arc 
then  hung  in  the  electroplating  bath.  As 
the  deposit  increases  the  slightest  un- 
evenness  of  surface  is  revealed  and  small 
hairs  and  tentacles,  before  scarcely  dis- 


cernible to  the  naked  eye.  are  increased 
in  size  and  become  readily  distinguish- 
able so  that  their  curious  forms  may  be 
studied. 


THE  "ELECTROHEN." 

The  "electrohen"  is  a  unique  and 
artistic  oval  glass,  electric  chicken  hatch- 
ing device  to  be  used  for  advertising  and 
educational  purposes — for  advertising 
purposes  at  poultry  shows,  and  in  store 
windows ;  for  educational  purposes  in 
college  and  high  school  laboratories,  and 
in  classrooms  for  nature  study.  The 
"electrohen"  is  readily  connected  to  any 
electric  lighting  circuit,  either  alternat- 
ing or  direct  current  of  104  or  no  volts, 
by  the  usual  flexible  cord  and  plug.  It 
is  only  necessary  to  turn  the  button  and 
sufficient  heat  will  be  provided  in  the 
"electrohen"  for  hatching  and  brooding 
the  chicks  in  the  one  machine. 

E^g's  due  to  hatch  within  three  or  four 


THE   "ELECTROHEN." 

days  can  be  placed  in  the  "electrohen"  to 
excellent  advantage,  with  the  result  that 
spectators  can  witness,  in  plain  view,  the 
pipping  and  breaking  of  the  shells,  the 
exclusion  and  drying  off  of  the  chicks 
or  ducklings,  while  at  the  same  time  the 
chicks  or  ducklings  first  to  hatch  will  be 
running  about  in  the  nursery  department 
or  feeding  in  the  enclosure  surrounding 
the  machine. 

It  is  stated  that  repeated  tests  with 
various  electric  incubators  have  demon- 
strated that  the  cost  of  operation  is  only 
one-third  to  one-half  more  by  electricity 
at  the  usual  rates  of  current  than  it  is  by 
the  use  of  kerosene  oil.  This  is  the  cos. 
alone  of  current  consumed  as  compared 
with  the  cost  of  the  oil  used,  and  no  ac- 
count is  taken  of  the  labor  saved,  which 
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more    than    counterbalances    the    differ- 
ence in  cost  for  heat. 

An  electrically  operated  incubator  has 
another  advantage  over  a  lamp  heated 
machine.  In  the  electric  incubator  the 
heat  (or  current)  is"  "cut  out"  as  soon  as 
the  temperature  in  the  egg  chamber 
reaches  103  degrees  and  thereupon  all 
expense  stops  instantly,  whereas  when  the 
regulator  on  a  lamp  machine  opens  the 
damper  above  the  lamp  flame  the  con- 
sumption of  oil  continues,  the  surplus 
heat  being  discharged  into  the  apartment 
in  which  the  machine  is  located. 


HOW    TO    MAKE  A  POLARIZED    RELAY. 

The  construction  of  a  polarized  relay 
that  is  highly  sensitive  and  will  answer 
for  a  number  of  purposes  is  not  at  all 
difficult.  Such  a  relay  will  also  answer 
for  use  in  wireless  telegraph  experiments 
where  the  ordinary  commercial  type  fails. 
The  main  part  needed  in  the  construction 
is  the  bell  ringer  employed  in  every  tele- 
phone. These  ringers  usually  come 
wound  in  standards  of  resistance  from 
80  to  2,000  ohms.  The  1,000  ohm  size, 
500  ohms  to  each  coil,  should  be  used, 
allowing  very  sensitive  construction  and 
not  being  so  expensive  as  the  higher 
wound  type. 

In  Fig.  1  is  shown  the  bell  ringer, 
which  consists  of  two  oppositely  wound 
magnet  coils  mounted  on  a  metal  base 
with  permanent  magnet  screwed  to  the 
bottom  of  the  metal  base  and  bent  over 
at  the  top.  On  the  under  side  of  the  per- 
manent magnet  is  a  delicately  pivoted  ar- 
mature which  carries  an  extended  rod 
with  hammer  attached  on  the  end  that 
swings  against  the  gongs  and  gives  the 
indication  when  the  generator  current 
encircles  the  magnet  coils  and  starts  the 
armature  in  vibration. 

Use  of  the  permanent  magnet  places 
the  armature  in  an  extreme  state  of 
stress.  This  is  due  to  the  fact  that  both 
cores  of  the  spools  are  mounted  on  one 
pole  of  the  magnet,  which  gives  each 
pole  the  same  polarity.'  The  armature 
balanced  between  the  two  like  poles  is 
repelled  by  each  to  an  equal  degree.  The 
least  bit  of  current  passing  through  the 
magnet  coils  will  destroy  the  balance  and 
cause  the  armature  to  swing  and  hit  the 
gong  by  means  of  the  extended  hammer. 
This  is  the  action  of  the  bell  ringer.     By 


addition  of  a  few  changes  we  have  the 
polarized  relay.  By  connecting  a  battery 
to  the  terminals  of  the  bell  ringer  the  ar- 
mature will  be  attracted  in  one  direction 
and  can  be  made,  by  use  of  suitable  con- 
tacts, to  close  a  second  circuit.  The  bell 
ringer,  however,  in  all  parts  is  not  adapt- 
ed for  use  as  a  relay  and  changes  must 
be  made. 

The  permanent  magnet  which  comes 
with  the  bell  ringer  is  removed,  and  one 
about  3-16  of  an  inch  thick  and  one  inch 
wide  is  substituted,  being  bent  in  the 
shape  as  shown  in  Fig.  2,  with  the  top 
(C)  clearing  the  magnet  coils  ij4  inches. 
The  permanent  magnet  can  usually  be 
screwed  to  the  same  place  as  the  one 
taken  off.  This  permanent  magnet  can 
be  easily  made  by  bending  to  the  desired 
shape  a  piece  of  the  best  hard  steel  and 
drilling  the  holes  which  will  be  necessary 
to  mount  it  to  the  ringer  coils. 

The  bent  rod  is  now  rubbed  over  the 
poles  of  a  horseshoe  magnet  until  thor- 
oughly magnetized.  In  the  absence  of 
the  horsehoe  magnet,  wrap  several  layers 


FIG.  1.      STANDARD  FORM  OF  BELL  RINGER 

of  thin  wire  over  it  from  end  to  end  and 
pass  the  current  from  several  dry  cells 
through  the  wire,  tapping  the  magnet  oc- 
casionally, which  causes  the  magnetism 
to  saturate  the  rod  more  freely.  The 
bending  and  drilling  should  all  be  done 
before  the  magnetization  has  taken  place, 
as  this  operation  would  destroy  the  mag- 
netism to  a  certain  extent.  In  Fig.  2  is 
shown  the  plan  of  screwing  the  perma- 
nent magnet  to  the  ringer  coils.  The 
pivot  swing  which  originally  supported 
the  armature  is  now  screwed  to  the  un- 
der side  of  the  upper  end  of  the  magnet, 
which  is  shown  at  (E).  The  armature 
is  now  placed  in  a  vice  and  the  two  ex- 
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lended  sides  are  sawed  off  so  that  onlv 
the  pivot  ends  and  hammer  swing  re- 
main. Considering  that  the  magnet, 
ringer  coil,  etc.,  have  been  mounted  on 
a  suitable  wood  base,  we  place  the  pivot 
end  in  the  slot  of  (E)  so  that  the  ex- 
tended rod  will  swing  down  between  the 
two   magnet    coils   as    shown    clearly    in 

Fig.  3- 

Two  soft  iron  pieces  shown  at  (HH), 

Fig-  3,  54  by  V%  °f  an  *ncn  m  cross  sec- 
tion are  now  screwed  to  the  tops  of  the 
cores  of  the  magnet  coils.  A  second 
soft  iron  strip  (F)  is  placed  on  the  ham- 


PIG.  2.  COILS  MOUNTED  IN  PERMANENT 
MAGNET. 

mer  swing,  in  such  a  position  that  it  will 
have  %  inch  play  between  the  two  soft 
iron  pieces  (HH)  mounted  on  the  mag- 
net cores. 

The  hammer  is  now  cut  off  from  the 
extended  rod  and  a  small  platinum  con- 
tact placed  on  as  shown  at  (G).  The 
platinum  contact  may  consist  of  a  small 
platinum  wire  soldered  to  the  rod.  It 
can  be  secured  by  breaking  an  incandes- 
cent lamp  bulb  and  using  portions  of  the 
lead-in  wires  which  are  made  of  plat- 
inum metal. 

Two  binding  posts  are  now  provided 
as  shown  at  (A)  and  (B).  The  binding 
posts  should  have  regulating  screws  run 
through,  with  lock  nut  on  top.  The  ex- 
act position  in  which  these  binding  posts 
are  to  be  placed  can  best  be  determined 
by  mounting  these  parts.  Their  position, 
however,  should  be  such  that  the  plat- 
inum contact  on  the  extended  rod  will 
make  good  contact  with  the  platinum 
contact  placed  on  the  tip  of  the  regulat- 
ing screw  (A).  A  very  thin  bronze  wire 
spring  is  wound  and  placed  so  that  it's 
pull  will  be  directed  to  the  post  (B).  The 


bronze  spring  is  shown  at  (I).  Four 
common  binding  posts  are  now  mounted 
on  the  wood  base  as  shown  at  (Lj  and 
at  (M). 

The  binding  posts  (Lj  are  for  connec- 
tion to  the  apparatus  (S)  to  be  relayed, 
which  is  connected  with  batteries  (X; 
in  circuit.  In  this  secondary  circuit  cur- 
rent will  flow  from  the  batteries  (X) 
and  operate  the  relayed  device  (S)  when- 
ever the  contact  (G)  is  against  (Aj, 
which  will  be  whenever  current  flows  in 
a  certain  direction  from  the  source  (M) 
and  energizes  the  coils  so  as  to  pull  the 
hammer  swing  over  against  the  contact 
(A).  Current  will  then  flow  through 
the  secondary  circuit  as  follows :  From 
battery  (X)  through  (S)  through  con- 
ductor to  the  base  of  the  permanent  mag- 
net (C),  through  (C)  to  the  hammer 
swing,  down  the  swing  to  contact  (A  I 
from  there  back  again  through  the  con- 
ductor to  the  battery  from  whence  it 
originated. 

The  extended  rod  with  the  platinum 
contact  (G)  should  be  kept  at  such  a 
tension  that  it  will  normally  barely  clear 
the  contact  screw  mounted  on  binding 
post  (A). 

In  operation  it  will  be  found  that  the 
battery  will  not  attract  the  soft  iron 
piece  (F)  unless  the  current  is  flowing 
in   a   certain   direction.     This   is   due  to 


FIG.  3.  CONNECTIONS  FOR  POLARIZED 
RELAY. 

the  fact  that  the  pull  is  exerted  towards 
the  post  (B),  which  has  no  contact.  To 
remedy  this  it  is  only  necessary  to  re- 
verse the  connections.  In  actual  prac- 
tice this  relay,  when  built  up  accurately, 
will  operate  with  one  volt  through  1 0,000 
ohms  resistance  and  will  find  many  prac- 
tical uses. 


NEW  ELECTRICAL  INVENTIONS. 


TELEPHONING  TO  TRAINS   WHILE  IN 
MOTION. 

It  is  readily  recognized  that  some 
means  by  which  telephone  communica- 
tion could  be  held  with  a  train  in  motion 
would  be  of  great  advantage  as  an  ad- 
junct to  the  block  signal  system.  Vari- 
ous schemes  have  been  suggested  for  do- 
ing this,  one  of  the  latest  being  a  sys- 
tem invented  by  Joel  Ames  of  Montrose, 
la.     The  details  of  this  system  are  clear- 


ly shown  in  the  accompanying"  diagrams. 
Looking  at  Fig.  i  it  will  be  noted  that 
there  is  a  horizontal  bar  or  shoe  (10)  of 
metal  attached  to  the  side  of  the  tender 
and  extending  its  whole  length.  This 
bar  may  be  lowered  so  as  to  make  elec- 
trical connection  with  little  coil-spring 
metals  standards  (B)  set  on  the  ties  be- 
side the  track.  The  distance  between 
these  standards  is  a  little  less  than  the 


length  of  the  bar,  so  that  the  latter  is  al- 
ways in  contact  with  at  least  one  of 
them.  Fig.  2  shows  the  arrangement  of 
the  standards. 

Fig.  3  is  a  diagram  showing  the  elec- 
trical connections  of  the  system.  A  tele- 
phone (15)  is  mounted  in  the  cab  of  the 
locomotive.    One  side  of  the  telephone  is 


grounded  through  the  locomotive  wheels 
and  the  rails  of  the  track.  The  other 
side  of  the  telephone  is  connected  to  the 
bar  (10)  and  from  there  a  free  path  for 
the  current  is  made  through  the  stand- 
ards, which  are  all  connected  together 
by  a  wire  (7),  to  the  battery  (C)  and 
thence  to  one  side  of  the  telephone  (8), 
which  is  located  at  the  dispatcher's  sta- 
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FIG.    3. 

tion,  block  house  or  other  point.  The 
other  side  of  telephone  (8)  is  connected 
to  the  ground. 

It  will  be  seen,  therefore,  that  com- 
munication may  be  had  with  the  train  at 
all  points  along  the  track  where  the 
standards  are  located.  These  may  be  lo- 
cated at  the  beginning  and  end  of  blocks 
or  at  other  points  where  it  would  be  of 
advantage  to  hold  communication  with 
the  moving  train. 


TEMPERATURE  REGULATOR  FOR    INCU- 
BATORS. 

The  incubation  of  poultry  eggs  is 
divided  into  two  periods,  the  first  period 
being  when  the  eggs  receive  heat  and 
the  second  when  they  give  off  heat  by 
virtue  of  the  life  contained  therein.  At 
the  beginning  of  the  second  period  it  is 
necessary  to  cool  the  eggs  at  the  proper 
time,  or  the  natural  heat,  plus'  the  arti- 
ficial heat  will  raise  the  temperature  tu 
the  danger  point.  It  is  therefore  of  ad- 
vantage to  provide  some  automatic 
means  for  the  regulation  of  the  tempera- 
ture, and  also  to  sound  an  alarm  when- 
ever the  temperature  reaches  the  critical- 
point.    A  very  ingenious  device  has  been 
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patented  for  this  purpose  by  Mr.  Georg 
Miicke  of  Reisenberg,  Austria-Hungary, 
the  action  of  which  is  shown  clearly  in 
the  illustration. 

Within  the  incubator  there  are  two 
thermometers  connected  with  two  sepa- 
rate electrical  circuits.  Thermometer 
(15)  has  a  projecting  bulb  (10)  which 
lies  in  contact  with  the  eggs.  One  ter- 
minal of  an  electric  circuit  is  constantly 
in  connection  with  the  mercury  of  the 


ELECTROTHERAPEUTIC    HEATING 
DEVICE. 

Electricity  now  plays  an  important 
part  in  the  practice  of  medicine,  one  of 
its  most  useful  applications  being  the 
concentration  of  powerful  heat  and  light 
rays  upon  affected  parts.  A  new  heat- 
ing device  of  this  nature  has  been  patent- 
ed by  Mr.  William  E.  H.  Morse  of  Al- 
gona,  la.,  two  views  of  which  are  shown 
in  the  accompanying  illustration,  which 
is  a  side  and  a  top  view. 

The  heater  consists  of  a  hemispherical 
reflector  containing  an  electric  incan- 
descent lamp,  the  edges  of  the  reflector 
being  covered  by  a  soft  pad  which  pro- 
tects the  body  from  the  hot  metal  shell. 
The  lamp  is  protected  from  injury  by  a 
wire  mesh  as  shown  in  the  lower  part  of 
the  illustration. 

In  the  application  of  the  heater  the 
reflector   shell   is   pressed   over   the   part 


thermometer.  The  other  terminal  is  in- 
serted in  the  tube  at  a  point  such  that 
when  the  mercury  rises  to  the  predeter- 
mined point  it  will  complete  the  circuit 
and  automatically  ring   the    electric    bell 

(13). 

The  other  thermometer  (6)  is  con- 
nected to  another  electric  circuit  in  the 
same  manner.  When  the  danger  point 
is  reached  this  circuit  is  also  closed,  and 
current  passes  through  the  electro-mag- 
net (7).  There  is  a  little  iron  plunger  in 
this  electro-magnet  working  on  the  well 
known  principle  of  the  solenoid.  When 
the  current  flows  through  the  coil  of  the 
electro-magnet  this  plunger  is  sucked 
into  the  coil  and  this  action  moves  the 
lever  (8)  so  that  the  damper  on  the  end 
is  lifted  from  the  lamp  chimney  and  the 
heat  passes  directly  up  through  the 
chimney  instead  of  passing  through  the 
tube  (5)  into  the  interior  of  the  incu- 
bator. 


A  street  car  fender  has  recently  been 
invented  which  possesses  the  advantage 
that  at  an  instant's  notice  it  can  be 
dropped  to  a  level  with  the  track  and 
pick  up  a  person  or  object  rather  than 
roll  them  under  the  car.  The  release 
mechanism  is  operated  electrically,  and 
the  motorman  has  only  to  press  a  small 
lever  which  is  convenient  to  his  hand. 


where  local  application  of  heat  is  de- 
sired. As  no  heat  can  escape,  the  in- 
terior of  the  reflector  soon  becomes  as 
hot  as  can  comfortably  be  borne.  The 
device  is  always  ready  for  instant  appli- 
cation and  is  far  ahead  of  a  hot  water 
bottle,  for  it  never  leaks. 


QUESTIONS  AND  ANSWERS. 


Readers  of  Popular  Electricity  are  invi 
Knowledge  on  any  subject  is  gained  by  asking 
question  he  would  like  to  ask  concerning  elec 
of   interest   and  benefit  to  many  besides  the 

INFORMATION  FOR  THE  PRACTICAL 
ELECTRICIAN. 

Question. —  (A)  What  is  the  difference  in 
the  make-up  of  a  magneto  used  with  a  jump 
spark,  and  a  magneto  used  on  a  make-and- 
break  spark? 

(B)  Can  a  non-vibrating  coil  be  used  in 
connection  with  a  jump   spark? 

(C)  Please  explain  what  causes  the  alter- 
nating current  to  continuously  change  the 
direction  of  its  flow. 

(D)  In  what  way  is  an  alternating  cur- 
rent dynamo  different  from  a  dynamo  pro- 
ducing a   direct  current. 

(E)  Can  dry-cell  batteries  be  successfully 
charged,  and  if  so,  how? — V.  E.  H.,  Cleburne, 
Kans. 

Answer. —  (A)  The  difference  exist- 
ing between  magneto  generators  for 
such  purposes  is  not  great.  However, 
there  are  some  points  which  require  con- 
sideration for  successful  operation.  One 
condition  in  connection  with  dynamos  is 
that  the  voltage  falls  off  with  an  increase 
in  current.  This  decrease  in  voltage  is 
mostly  due  to  armature  reaction,  i.  e.. 
the  magnetic  flux  created  by  the  arma- 
ture current  tends  to  neutralize  the  flux 
due  to  the  field  coils  and  thereby  de- 
creasing the  effective  magnetic  field.  As 
the  armature  flux  is  proportional  to  the 
current,  it  is  readily  understood  that  the 
voltage  will  fall  off  at  an  increased  cur- 
rent output.  This  reaction,  which  ord- 
inarily is  sought  to  be  decreased,  is  an 
advantage  in  the  make-and-break  spark 
ignition  system,  as  it  is  possible  to  use  a 
high  voltage  to  overcome  the  poor  con- 
tact in  the  engine.  It  also  limits  the 
current  and  in  turn  the  energy  of  the 
spark  at  high  engine  speeds,  when  the 
open  voltage  of  the  dynamo  is  high.  A 
dvnamo  to  be  used  in  connection  with  a 
make-an-break  or  touch  spark  system, 
may  be  either  a  constant  or  variable  volt- 
age type  and  should  have  a  pressure  of 
from  10  to  1 6  volts. 

With  reference  to  the  jump  spark  coil, 
it  is  found  that  a  slight  change  in  vibra- 
tor adjustment,  or  slight  difference  in 
voltage,  produces  great  difference  in  the 
effectiveness  of  the  spark.  Therefore 
the  dynamo  to  be  used  in  this  case  should 


ted    to    make    free    use    of    this    department, 
questions,    and    nearly    every    one    has    some 
tricity.     These  questions  and  answers  will  be 
one  directly  concerned. 

be  of  the  constant  potential  type.  Thus, 
the  armature  reaction  in  this  case  should 
be  kept  low  and  the  speed  as  constant  as 
possible.  Owing  to  arcing  at  the  vibra- 
tor, the  voltage  of  the  dynamo  should 
not  exceed  10  or  12  volts.  From  these 
remarks  you  may  appreciate  that  a  dy- 
namo is  not  so  well  suited  for  use  with 
a  vibrating  jump-spark  coil,  as  a  non-in- 
ductive source  such  as  a  battery  would 
be. 

The  constructive  details  of  the  make- 
up of  ignition  generators,  being  too  ex- 
tensive to  take  up  in  this  department,  will 
of  course  follow  the  design  of  standard 
dynamos  of  such  characteristics  as  we 
have  shown.  Such  information  you  may 
readily  obtain  by  referring  to  treatises  on 
dynamo  construction. 

(B).  A  non-vibrating  coil  may  be 
readily  used  in  connection  with  jump 
spark  ignition,  especially  for  high  or 
variable  speed  engines,  due  to  the  fact 
that  a  better  contact  arrangement  is  pos- 
sible with  this  kind  of  a  coil  than  with  a 
vibrating  jump  spark  coil.  The  voltage 
may  be  relatively  lower,  say  from  five  to 
eight  volts,  which  will  leave  the  current 
larger.  In  general  this  coil  may  be 
slightly  larger  than  a  vibrating  coil,  as 
it  is  necessary  that  the  single  spark  of 
the  non-vibrating  coil  must  be  stronger 
than  an  individual  one  of  the  series  of 
sparks,  resulting  from  a  vibrating  jump 
spark  coil.  The  timer  or  current  inter- 
rupter should  be  very  quick  acting,  as 
the  number  of  secondary  turns  on  the 
coil  is  proportional  to  the  speed  of  the 
break.  If  a  dynamo  is  used  as  an  energy 
source,  it  may  be  of  the  same  design  as 
a  dynamo  for  a  touch  spark  system,  with 
the  exception  that  the  voltage  should 
only  be  about  one-half  as  high. 

(C  and  D).  In  any  dynamo,  alternat- 
ing; or  direct  current,  the  armature  con- 
sists of  coils  of  wire  which  are  rotated 
between  highly  magnetized  pole  pieces. 
It  is  supposed  that  invisible  lines  of  mag- 
netic force  pass  from  the  positive  to  the 
negative  pole  and  that  the  wires  of  the 
armature  have  current  generated  in  them 
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by  virtue  of  the  cutting  of  these  lines 
of  force.  Figs.  1  and  2,  from  Mann  and 
Twiss'  Physics,  show  how  the  armature 
coils  are  supposed  to  generate  current, 
the  arrows  showing  the  direction  in 
which  current  will  flow  in  the  armature 
coils  and  connecting  wires.  The  dia- 
grams show  the  pole  pieces  as  ordinary 
horseshoe  magnets,  although,  as  a  mat- 
ter of  fact,  the  shape  varies  in  different 
forms  of  dynamos  and  motors,  some 
having  a  large  number  of  poles,  always 
alternating,  however,  a  north  pole  then 
a  south  pole,  then  a  north  pole,  and  so 
on. 

All  dynamos  primarily  develop  alter- 
nating current,  because,  when  the  wires 
of  any,  coil  sweep  by  a  north  pole,  the 
current  is  generated  in  one  direction  and 
when  they  sweep  by  the  next  pole,  which 
is  a  south  pole,  the  lines  of  force  are  cut 
in  the  opposite  direction  and  the  cur- 
rent is  reversed.  The  only  difference 
between  an  alternating  and  a  direct  cur- 
rent dynamo  is  that  in  the  latter  case  a 
device  known  as  the  commutator  is  add- 
ed, which  takes  up  only  the  impulses  of 
current  which  are  in  one  given  direc- 
tion and  send  them  out  over  the  cir- 
cuit as  direct  current. 

To  illustrate :  Fig.  1  is  the  alternator. 
It  has  two  collector  rings   on  the   shaft 


FIG.  1.  ALTERNATING  CURRENT  DYNAMO. 

upon  which  bear  the  two  brushes  (B+) 
and  (B — )  by  which  current  is  taken  off 
for  the  external  circuit.  In  the  diagram 
the  top  half  of  the  coil  is  brushing  by 
the  north  pole  and  is  generating  positive 
current  which  flows  out  of  (B+)  to  the 
external  circuit.  The  bottom  half  is 
generating  negative  current  which  flows 
in  the  opposite  direction.  When  the  top 
half  of  the  coil  gets  down  and  brushes 
by  the  south  pole,  however,  it  will  there 
generate  negative  current  and  (B4-)  will 
then  become  (B — )  and  (B — )  will  be- 
come   (B+).     Therefore   at  each   revo- 


lution the  current  in  the  external  circuit 
will  reverse  in  direction. 

Now  let  us  look  at  Fig.  2 ;  everything 
is  the  same  except  that  a  commutator, 
divided  into  two  segments,  has  been 
added    in    place    of    the    collector    rings. 


FIG.  2.     DIRECT  CURRENT  DYNAMO. 

The  negative  brush  (B — )  and  the  posi- 
tive brush  (B  +  )  remain  stationary.  In 
the  position  shown,  the  top  half  of  the 
coil  is  generating  positive  current  and  it 
is  connected  to  the  segment  which  is 
passing  under  the  positive  brush  (B-f-). 
The  lower  half  is  developing  negative 
current  and  is  connected  to  the  segment 
passing  under  the  negative  brush.  Now 
as  the  coil  turns  over  the  current  re- 
verses in  it  the  same  as  in  the  alternat- 
ing current  dynamo,  but  as  the  reversal 
takes  place  the  segments  of  the  com- 
mutator, which  are  attached  rigidly  to 
the  shaft,  and  to  which  the  top  and  bot- 
tom halves  of  the  coil  are  connected, 
swap  brushes  at  the  same  time.  Conse- 
quently the  positive  brush  takes  positive 
current  all  the  time  and  sends  it  out 
over  the  line,  the  negative  brush  taking- 
it  as  it  comes  back.  Thus  we  have  direct 
or  un-directional  current  in  the  external 
circuit. 

In  practice  there  are  many  coils  in  an 
armature,  consequently  there  must  be 
an  equal  number  of  segments  in  the 
commutator.  The  principle  is  the  same, 
however. 

(E)  When  dry  batteries  run  down 
it  is  often  due  to  polarization  of  the 
plates  or  else  drying  up  of  the  active 
material  in  the  cell.  Try  boring  a  hole 
in  the  bottom  of  the  cell  and  pouring  in 
about  half  a  teacupful  of  strong  vinegar 
or  salamoniac.  It  is  said  that  if  this  is 
done  and  the  cell  is  allowed  to  stand  for 
two  hours  that  it  will  regain  its  power. 
that  is,  of  course,  if  the  zinc  plate  is  not 
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entirely   eaten   away.      In   this   case    the 
cell  is  beyond  repair. 

DESIGN  OF  A  SOLENOID. 

Question. — I  am  constructing  a.  machine 
using  solenoids  to  operate  a  certain  part.  I 
am  forced  to  comply  with  the  following: 
volts  a.  c,  110;  length  of  solenoid,  1.5  inches; 
diameter,  1.5  inches.  What  size  of  wire,  how 
many  turns,  what  tube  and  core  should  I 
use?  How  far  should  the  core  project  into 
the  tube  when  no  current  is  flowing?  What 
pull  will  be  exerted  upon  the  core  when  cur- 
rent is  flowing,  and  how  many  amperes  will 
be  used  up?— C.  K.,  West  Hoboken,  N.  J. 

Answer. — The  data  you  give  is  rather 
insufficient  to  enable  us  to  answer  your 
question  intelligently.  As  the  design  of 
alternating  current  magnets,  especially 
of  small  dimensions,  is  more  complicat- 
ed than  would  be  the  case  if  direct  cur- 
rent were  used,  the  "cut  and  try"  meth- 
od would  perhaps  be  most  advisable. 
However,   in  order  to  give  you  an  ap- 
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ALTERNATING    CURRENT     SOLENOID. 

proximate  idea  of  what  such  a  coil  will 
do,  we  will  gi^e  you  some  calculated 
figures. 

The  magnetic  flux  depends  upon  the 
number  of  turns,  frequency,  and  voltage 
of  the  alternating  current.  The  length 
of  the  air  gap  influences  only  the  cur- 
rent, which  is  decreased  in  proportion 
with  the  decrease  in  air  gap.  Owing  to 
this  effect,  we  find  that  the  pull  remains 
practically  constant  with  different  posi- 
tions of  the  core  from  beginning  to  end 
of  the  travel. 

A  design  of  an  alternating  current 
solenoid  is  shown  in  Fig.  I.  Its  dimen- 
sions are  in  accordance  with  those  given 
by  you.  The  spool  is  enclosed  by  an  iron 
shell  in  order  to  increase  the  magnetic 
flux.  For  the  same  reason  the  air  gap 
(X)     should    be    as    small    as    possible. 


thereby  increasing  the  length  of  the 
travel  of  the  plunger  (L).  If  we  wind 
the  spool  with  5,675  turns  of  No.  32  sin- 
gle silk  covered  copper  wire,  which  will 
lave  a  resistance  of  310  ohms,  and  also 
assume  that  the  frequency  of  the  alter- 
nating current  is  60  cycle  per  second,  a 
current  of  0.15  amperes  will  flow 
through  the  coil  when  the  normal  posi- 
tion of  the  plunger  is  such  as  to  make 
the  distance  (L)  equal  to  3-16  inch.  The 
tractive  power  of  the  plunger  including 
its  own  weight  will  then  be  about  ^3 
pound.  If  we  increase  the  distance  (L) 
to  y2  inch,  the  current  taken  by  the  coil 
will  be  increased  to  approximately  0.45 
amperes,  the  tractive  power  remaining 
almost  unchanged. 

Changing  the  frequency  of  the  alter- 
nating current  to  25  cycles,  while  keep- 
ing the  voltage  at  no  volts,  will  cause 
a  current  of  about  0.9  amperes  to  flow 
through  the  coil,  the  distance  being  y2 
inch  and  the  tractive  power  about  the 
same  as  before.  However,  this  high  cur- 
rent will  cause  the  coil  to  heat  up  too 
much  if  continued  for  any  length  of 
time. 

Owing  to  the  difficulty  in  estimating 
the  magnetic  leakage  lines,  which  greatly 
affects  the  operation  of  the  magnets,  the 
values  given  may  only  be  taken  as  ap- 
proximate. 

As  currents  are  induced  in  the  iron 
frame  of  the  magnet,  which  will  cause 
it  to  heat  up,  the  iron  core  and  shell  gen- 
erally should  be  laminated  to  prevent  the 
flow  of  these  currents.  However,  with  a 
coil  of  small  dimensions,  and  assuming 
that  the  current  will  be  on  for  a  short 
time,  it  is  possible  to  neglect  this  and 
use  a  solid  core  and  shell. 


TELL  OF  YOUR  EXPERIMENTS. 

Popular  Electricity  wants  the  assist- 
ance of  its  youthful  readers  to  make  the 
Junior  Section  a  success.  There  are 
hundreds  of  boys  who  are  interested  in 
electricity  to  such  an  extent  that  they 
have  equipped  laboratories  of  their  own. 
We  want  these  boys  to  write  to  the  Jun- 
ior Section  and  give  other  boys  who  are 
working  along  similar  lines  the  benefit 
of  their  experience.  A  brief  description 
of  how  you  made  some  piece  of  electrical 
apparatus  and  how  it  worked  will  be  in- 
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AT  THE  TELEPHONE. 
"Are  you  there?" 
"Yes." 

"Who  are  you,  please?" 
"Watt." 

"Who  are  you,  please?" 
"Watt's  my  name." 
"Yes,  what's  your  name?" 
"I  say  my  name  is  Watt." 
"Oh,  well,  I  am  coming  to  see  you." 
"All  right.     Are  you  Jones?" 
"No;  I'm  Knott." 
"Who  are  you  then,  please?" 
"I'm  Knott." 

"Will  you  tell  me  your  name,  please?" 
"Will  Knott." 
"Why  won't  you?" 
"I  say  my  name  is  William  Knott." 
"Oh,  I  beg  your  pardon." 

"Then,  you  will  he  in  if  I  come  round  Watt?" 
"Certainly,   Knott." 

Then  they  were  cut  off  by  the  exchange,  and 
Knott  wants  to  know  if  Watt  will  be  in  or  not. 

*  *     * 

"John,  you  are  late  reading  your  paper." 
"Well,  I  should  say  I  am.  A  young  lady  sit- 
ting next  to  me  in  the  car  had  washed  her  hair 
the  night  before.  About  twice  a  minute  she 
would  stroke  her  hair  and  say,  'Dear  me,  I 
washed  my  hair  last  night,  and  I  can't  do  a 
thing  with  it,'  each  time  jamming  her  elbow 
through  my  paper.  I  finally  got  up  and  stepped 
on  her  foot  as  I  went  out.  She  said,  'I  like  your 
nerve,'  and  I  said,  I  beg  pardon,  lady,  but  I 
washed  my  feet  last  night  and  I  can't  do  a  thing 
with  them." 

*  *     * 

The  city  girl  was  visiting  in  the  country  and 
had  been  laughed  at  many  times  because  of  her 
mistakes  concerning  country  ways.  One  morn- 
ing, noticing  honey  on  the  table  and  wishing  to 
show  her  superior  knowledge,  she  turned  to  the 
farmer  and  remarked: 

"Ah!    I   see  that  you  keep   a   bee." 

*  *     * 

An  old  lady  boarded  a  train  in  the  northern 
part  of  New  Jersey.  She  was  evidently  unused 
to  traveling.  Her  eye  soon  caught  sight  of  the 
bell  cord  and  she  asked  a  boy  what  it  was 
for.  He  mischievously  told  her  that  the  rope 
was  to  ring  a  bell  when  anyone  wanted  some- 
thing to  eat.  Shortly  afterwards,  when  the 
train  was  going  at  a  high  speed  the  old  lady 
gave  the  cord  a  vigorous  pull.  With  a  terrible 
lurch  and  a.  great  groaning  of  wheels  and  brakes 
the  train  came  to  a  stop.  The  conductor  rushed 
into  the  car  and  shouted: 

"Who  pulled  that  rope?" 

"I  did,"   calmly  replied  the  old  lady. 

"What  do  you  want?"   said  the  conductor. 

"Well,"  said  the  old  lady,  "you  may  bring  me 
a  fried  egg  and  a  cup  of  tea." 

*  *     * 

"You  say  he  is  a  crack  shot  with  the  rifle?" 
"Best  I   ever  saw.     He   can   hit   the  glass  in- 
sulator   on     a    wireless    telegraph      pole       every 
time." 


"Please,  ma'am,"  said  the  unlaundered  hobo 
at  the  back  door,  "would  youse  give  er  pore 
man  sum  thin'  ter  eat  wot's  lookin'  fer  a  job?" 

"What  kind  of  a  job  are  you  looking  for?" 
asked  the  lady. 

"I'm  lookin'  fer  a  job  uv  chewin'  food,"  ex- 
plained the  soapless  traveler. 

*  *     * 

The  lights  went  out  in  the  Dudley  street  ter- 
minal the  other  night  about  5  o'clock,  and  every- 
body evidently  kissed  his  best  girl,  for  the  air 
was  full  of  screams  of  delight  and  delicate  re- 
monstrances.— Boston   Record. 

*  *     * 

"Henry  James,"  observed  the  man  with  the 
bulging  brow,  "is  like  a  gas  meter.  I  can  read 
him,  but  I  can't  understand  him." 

*  *     * 

Bishop  Potter,  at  an  ecclesiastical  dinner  in 
New  York,  read  a  Cooperstown  schoolboy's  es- 
say on  "Clergymen."  The  essay,  which  created 
much  amusement,  was  as  follows: 

"There  are  3  kinds  of  clergymen  bishups  rec- 
ters  and  curats,  the  bishups  tells  the  recters  to 
work  and  the  .curats  have  to  do  it,  a  curat  is  a 
thin  married  man  but  when  he  is  a  recter  he 
gets  fuller  and  can  preach  longer  sermons  and, 
becums  a   good   man." — Lux. 

Johnnie — "Grandpa,  will  you  make  a  noise  like 
a  frog?" 

Grandpa — "What  for,  my  boy?" 

Johnnie — "Why,  pa  says  we'll  get  ten  thou- 
sand when  you  croak." 

*  *     * 

Little  Clarence — "Pa.  what  other  prominent 
social  organization  is  there  in  New  York  besides 
the  '400'?" 

Mr.   Callipers — "The  '400  or  bust.'  my  son.*' 
*     *     * 

"What's  the  matter  with  the  candidate?" 
"  'Sh!     He's  very  ill." 
"Isn't  it  rather  sudden?" 

"Very.  He  smoked  a  cigar  from  the  wrong 
pocket." 

*  *     * 

"Do  you  come  to  Sunday  school  voluntarily  or 
because  you  are  coerced?"  asked  the  pretty 
teacher. 

"Voluntarily.  I  guess."  replied  little  Edgar. 
"I  thought  they  only  had  to  get  coerced  it"  they 
was  Baptists." 

*  *     * 

Aunty — "Tommy,  I  put  three  pies  in  here  yes- 
terdav.  and  now  there  is  only  one.  I  low  is 
that?" 

Tommy — "Please,  it  was  so  dark,  aunty.  I 
didn't  see  that   one." — Punch. 

*  *     * 

"Does  your  wife  talk  in  her  sleep,  major?" 
"No:   I  talk  in   her   sleep — it's  the  or.'. 
1    get." 

*  *     # 

Roommate     "What   is  this   card   in    ye-..- 
His     Roommate — "Why,     that     was     <  hie  >     tl 

wine-list,    but    now    (hie)    it's    my    table    of 

tents." — Yale   Record. 


ELECTRICAL  DEFINITIONS. 


Alternating  Current. — That  form  of 
electric  current  the  direction  of  flow  of 
which  reverses  a  given  number  of  times 
per  second. 

Ampere. — Unit  of  current.  It  is 
the  quantity  of  electricity  which  will 
flow  through  a  resistance  of  one  ohm 
ander  a  potential  of  one  volt. 

Anode. — The  positive  terminal  in  a 
broken  metallic  circuit ;  the  terminal 
connected  to  the  carbon  plate  of  a  bat- 
tery. 

Armature. — That  part  of  a  dynamo 
or  motor  which  carries  the  wires  that 
are  rotated  in  the  magnetic  field. 

Circuit. — Conducting  path  for  electric 
current. 

Circuit-breaker. — Apparatus  for  auto- 
matically opening  a  circuit. 

Commutator. — A  device  for  chang- 
ing the  direction  of  electric  currents. 

Condenser. — Apparatus  for  storing  up 
electrostatic  charges. 

Direct  Current. — Current  flowing  con- 
tinuously in  one  direction. 

Efficiency. — Relation  of  work  done  by 
a  machine  to  energy  absorbed. 

Electrode. — Terminal  of  an  open 
electric  circuit. 

Electrolysis. — Separation  of  a  chemi- 
cal compound  into  its  elements  by  the  ac- 
tion of  the  electric  current. 

Electromagnet. — A  mass  of  iron  which 
is  magnetized  by  passage  of  current 
through  a  coil  of  wire  wound  around  the 
mass  but  insulated  therefrom. 

Field  of  Force. — The  space  in  the 
neighborhood  of  an  attracting  or  repell- 
ing mass  or  system. 

Fuse. — A  short  piece  of  conducting 
mate-rial  of  low  melting  point  which  is 
inserted  in  a  circuit  and  which  will  melt 
and  open  the  circuit  when  the  current 
reaches  a  certain  value. 

Galvanometer. — Instrument  for  meas- 
uring current  strength. 

Inductance. — The  property  of  an  elec- 
tric circuit  by  virtue  of  which  lines  of 
force  are  developed  around  it. 

Insulator. — Any  substance  impervious 
to  the  passage  of  electricity. 

Kilowatt. — 1,000  watts.      (See  watt.) 

Kilowatt-hour. — One  thousand  watt 
hours. 


Leyden  Jar. — Form  of  static  condenser 
which  will  store  up   static  electricity. 

Motor-generator. — Combined  motor 
and  generator  for  changing  alternating 
to  direct  current  or  vice  versa. 

Multiple. — Term  expressing  the  con- 
nection of  several  pieces  of  electric  ap- 
paratus in  parallel  with  each  other. 

Ohm. — The  unit  of  resistance.  It  is 
arbitrarily  taken  as  the  resistance  of  a 
column  of  mercury  one  square  milli- 
meter in  cross  sectional  area  and  106 
centimeters  in  length. 

Poles. — Terminals  of  an  open  electric 
circuit. 

Potential. — Voltage. 

Relay. — Instrument  for  opening  or 
closing  a  local  circuit,  which  is  oper- 
ated by  impulses  from  the  main  circuit. 

Resistance. — The  quality  of  an  elec- 
trical conductor  by  virtue  of  which  it 
opposes  the  passage  of  an  electric  cur- 
rent. The  unit  of  resistance  is  the 
ohm. 

Series. — Arranged  in  succession,  as 
opposed  to  parallel  or  multiple  arrange- 
ment. 

Shunt. — A  by-path  in  a  circuit  which 
is  in  parallel  with  the  main  circuit. 

Solenoid. — An  electrical  conductor 
wound  in  a  spiral  and  forming  a  tube. 

Spark-gap. — Space  between  the  two 
ends  of  an   electrical   resonator. 

Switch. — Device  for  opening  and 
closing  an  electric  circuit. 

Transformer. — A  device  for  stepping- 
up  or  stepping-down  alternating  current 
from  low  to  high  or  high  to  low  voltage, 
respectively. 

Volt. — Unit  of  electromotive  force  or 
potential.  It  is  the  electromotive  force 
which,  if  steadily  applied  to  a  conductor 
whose  resistance  is  one  ohm,  will  pro- 
duce a  current  of  one  ampere. 

Voltage. — Potential  difference  or  elec- 
tromotive force. 

Watt. — Unit  representing  the  rate  of 
work  of  electrical  energy.  It  is  the  rate 
of  work  of  one  ampere  flowing  under  a 
potential  of  one  volt.  Seven  hundred 
and  forty-six  watts  represent  one  elec- 
trical horse  power. 

Watt-hour. — Electrical  unit  of  work. 
Represents  work  done  by  one  watt  ex- 
pended for  one  hour. 
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THE   COST   OF   ELECTRICITY. 


"Why  should  I  pay  10  cents  per  unit 
for  electricity  for  lighting  my  home  when 
Mr.  Brown  pays  but  half  that  amount  for 
electricity  to  run  his  motor?"  This  ques- 
tion has  perplexed  many  persons  for 
many  years.  Every  since  the  abandon- 
ment of  the  early  "flat  rate"  system  of 
charging  a  certain  amount  each  month 
for  each  lamp  used  and  the  substitution 
of  the  meter  system  of  charging,  the 
problem  of  rates  has  been  a  thorn  in  the 
side  of  both  the  user  of  electricity  and 
the  company  which  supplies  it. 

At  first  it  does  seem  unreasonable  that 
a  householder  should  be  compelled  to  pay 
more  for  each  unit  of  electric  energy 
used  than  does  the  storekeeper,  or  the 
manufacturer  who  runs  his  shops  by  mo- 
tors, but  when  the  subject  is  understood 
the  justice  of  the  different  rates  is 
acknowledged.  Contrary  to  popular  be- 
lief, the  difference  in  rates  is  not  based 
altogether  upon  the  quantity  of  current 
the  customer  uses  but  upon  the  number 
of  hours  he  uses  it.  A  man  may  get  a 
very  low  rate  if  he  runs  a  few  lamps  or 
a  small  motor  24  hours  each  day,  while 
another  customer  using  many  lamps  or 
large  motors  only  an  hour  or  two  a  day 
may  pay  a  higher  rate  and  generallv 
does  so.  The  reason  for  this  is  easily  ex- 
plained if  we  take  a  parallel  case  in  some 
other  industry. 

For  example,  suppose  a  man  has  a 
large  number  of  packages  to  deliver  each 
day  and  goes  to  a  livery  stable  to  hire  a 
horse,  wagon  and  driver.  If  it  can  be 
arranged  so  that  the  work  is  spread  out 
over  the  full  eight  hour  working  day,  the 
cost  will  be  only  a  few  dollars.  But  sup- 
pose this  man  insists  that  all  the  pack- 
ages be  delivered  within  one  hour  each 


day.  That  would  require  eight  horses, 
wagons  and  drivers,  all  working  only  a 
single  hour,  and  the  cost,  quite  properly, 
would  be  higher.  Now,  suppose  a  hun- 
dred men  required  packages  to  be  deliv- 
ered, each  man  insisting  that  his  job  be 
done  within  one  hour  and  all  wanting  the 
deliveries  made  at  the  same  hour.  The 
liveryman  would  have  to  have  800 
horses,  wagons  and  men  for  this  special 
work,  and  unless  he  could  get  other  work 
for  them  to  do  during  the  balance  of  the 
day  he  would  have  to  charge  a  very  high 
price  indeed  for  this  service,  because  he 
would  have  to  be  paid,  not  alone  for  the 
work,  but  for  a  large  amount  of  waste 
time  when  horses  and  men  are  idle. 

This  example  applies  exactly  to  the 
electric  lighting  business.  The  company 
makes  a  large  investment  in  machinery, 
wires  and  all  the  thousand  and  one  ap- 
purtenances necessary  to  supply  electric 
current.  Only  comparatively  few  of  the 
company's  customers  use  electricity 
throughout  the  day.  By  far  the  greater 
number  want  it  only  a  few  hours,  from 
dusk  until  bedtime.  The  result  is  that 
the  machinery  and  apparatus  neeessary 
to  serve  the  householder  who  burns  a  few- 
lights  in  the  evening  is  idle  at  least  jo 
out  of  every  24  hours.  Xot  only  this. 
but  at  the  very  time  he  is  burning  his 
lights  every  other  householder  is  also 
burning  light.  The  demand  all  comes  at 
once  and  continues  only  for  a  few  hours. 

It  can  be  readily  understood  that  the 
company  must  charge  such  a  customer 
for  the  time  the  machinery  is  idle.  The 
machinery  represents  a  permanent  in- 
vestment. For  every  20  incandescent 
lamps  this  investment  is  about  $125,  so 
that  the  customer  pays  not     alone     the 
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actual  cost  of  making  the  electricity  he 
burns,  but  also  pays  interest  on  this  in- 
vestment. In  addition  to  this  there  is  the 
maintenance  of  the  pole  lines  and  wires, 
the  cost  of  meter  reading,  bookkeeping. 
clerical  work  and  other  unproductive  la- 
bor, a  portion  of  which  each  customer 
must  in  justice  bear  pro  rata.  All  these 
charges  are  much  higher  in  proportion 
when  the  lighting  company's  customer 
uses  electricity  only  a  few  hours  daily 
than  when  he  uses  it  all  day.  or  both  day 
and  night. 

Some  people  think  that  the  average  of 
all  the  company's  customers  should 
equalize  this  charge  and  lower  the  rates 
for  electricity  in  the  home,  but  such  a 
contention,  while  logical,  does  not  work 
out  in  practice.  Electricity  must  be 
manufactured  the  instant  it  is  wanted. 
Snap  the  button  on  a  lamp  in  your  home 
and  that  very  instant  a  huge  machine  in 
the  lighting  company's  power  house  must 
meet  the  demand  and  produce  50  more 
watts  of  energy.  If  electricity  could  be 
stored  in  a  huge  tank,  like  gas.  it  would 
make  comparatively  little  difference  when 
the  demand  is  made  :  but  having  to  make 
the  current  the  instant  the  customer 
wants  it.  puts  the  electric  company  in  a 
very  bad  position. 

It  is  a  fact,  developed  by  an  inquiry 
recently  made  by  a  Public  Service  Com- 
mission, that  about  one-half  the  residence 
customers  served  by  lighting  companies 
represent  an  actual  loss.  The  amount  of 
money  they  pay  does  not  really  cover  the 
cost  of  supplying  them.  It  may  pay  many 
times  for  the  actual  cost  of  manufactur- 
ing the  current,  but  it  does  not  take  care 
of  the  vast  amount  of  clerical  work  and 
meter  reading,  the  bookkeeping  and  bill- 
ing*, the  expensive  and  constant  repairs 
and  renewals  to  all  the  delicate  apparatus 
needed  to  generate  and  distribute  the 
small  amount  of  current  used.        .  . 

"Who  pays  for  these  losing  custom- 
ers?" you  ask.  The  customers  who  use 
electricity  for  longer  hours — the  mer- 
chant who  burns  his  sign  far  into  the 
night,  the  manufacturer  whose  motors 
hum  busily  all  day  long.  Such  a  custom- 
er pays  for  the  losses  on  residence  serv- 
ice, and  this  in  spite  of  the  fact  that  such 
a  customer  may  be  paying  but  half  as 
much  for  his  electricity  as  does  the  resi- 
dence customer  who  cries,  "lower  rates." 


SIMPLE    EXPLANATION    OF     HIGH     FRE- 
QUENCY CURRENT. 
Within  recent  years  some  very  aston- 
ishing things  have  been  done  with  high 

frequency  electric  current.  It  is  exten- 
sively used  by  medical  practitioners,  for 
wireless  telegraphy,  etc.,  and  seems  to  act 
in  a  manner  widely  different  from  the 
ordinary  electric  current  now  more  or 
less  familiar  to  all.  The  following  ex- 
planation of  high  frequency  current  will 
be  found  perfectly  simple  and  will  enable 
the  average  person  to  understand  the 
seemingly  magical  things  done,  which 
are  often  seen  at  electrical  shows  and 
like  exhibitions. 

\\  hen  the  current  flows  in  one  direc- 
tion in  a  conductor  and  then  reverses 
and  flows  in  the  opposite  direction  it  is 
said  to  be  an  alternating  current.  The 
number  of  times  per  second  that  the  cur- 
rent makes  a  complete  change  of  the  di- 
rection and  comes  back  to  its  original 
direction  of  flow  is  called  its  frequency. 
The  frequency  of  commercial  alternating 
currents  is  seldom  over  a  hundred  per 
second,  and  generally  less.  A  high  fre- 
quency current  is  one  in  which  the  fre- 
quency is  numbered  in  the  thousands  or 
millions  per  second,  although  there  is  no 
strict  dividing  line  where  high  frequency 
begins  and  low  frequency  leaves  off. 

Machines  that  produce  high  frequency 
currents  directly  are  called  high  fre- 
quency alternators.  Very  few  of  them 
have  ever  been  made,  other  methods  hav- 
ing been  devised  for  changing  ordinary 
low  frequency  currents  into  those  of 
high  frequency. 

The  general  method  used  is  as  follows  : 
What  is  known  as  a  step-up  transformer 
is  used  to  raise  the  voltage  of  ordinary 
low  frequency  current  to  a  pressure  of 
several  thousand  volts.  This  current  is 
used  to  charge  a  condenser  which  con- 
sists of  either  the  common  Leyden  jar 
or  its  equivalent  in  plates  of  glass, 
ebonite  or  mica  coated  with  tinfoil. 

When  such  a  condenser  is  discharged 
through  a  suitable  coil,  high  frequency 
current  is  produced.  A  Tesla  coil  for 
this  purpose  consists  of  a  primary  wind- 
ing of  a  few  turns  of  heavy  wire  and  a 
secondary  of  finer  wire  of  many  more 
turns  spaced  apart  to  prevent  short  cir- 
cuits between  adiacent  turns.     Coils  of 
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this  kind  are  often  immersed  in  oil  for 
insulation.  There  is  no  iron  core  of  any 
kind  in  a  Telsa  coil.  When  the  con- 
densers are  discharged  through  the  pri- 
mary of  a  Tesla  coil  in  series  with  spark 
gap,  which  is  simply  a  break  in  the  cir- 
cuit over  which  a  spark  jumps,  a  current 
of  enormous  voltage  and  frequency  is 
produced  in  the  secondary.  With  this 
current  can  be  produced  many  interest- 
ing and  peculiar  phenomena.  Fig.  1 
shows  at  the  left  the  transformer  for 
raising  the  pressure  or  voltage  of  the  or- 
dinary current  to  several  times  its  origi- 
nal value.  Next  is  the  glass  plate  con- 
denser, and  at  the  extreme  right  is  the 
Tesla  high  frequency  coil. 

When  one  terminal  of  the  Tesla  coil  is 


instead  of  producing  death  there  is  no 
sensation  whatever  and  the  current  can 
be  handled  with  impunity. 

In  the  electrocuting  of  criminals  a 
voltage  of  about  2,000  is  used  and  only 
one-fourth  ampere  of  current  is  sufficient 
to  cause  the  death  of  any  man.  If  an 
ordinary  16  c.  p.  lamp  is  held  in  the  hand 
by  one  terminal  and  the  other  connected 
to  only  one  terminal  of  the  Tesla  coil  the 
lamp  lights  up  brilliantly,  consuming  fully 
one-half  an  ampere  or  double  the  current 
used  for  electrocution,  besides  being 
painless.  If  any  one  doubts  that  the 
current  passes  through  the  body  an- 
other method  of  holding  the  lamp  will 
convince  him.  If  the  terminals  of  the 
lamp  are  connected  to  two  persons  and 


FIG.  1.  APPARATUS  FOR  GENERATING  HIGH  FREQUENCY  CURRENTS. 


grounded,  long  specter  like  streams  of 
sparks  dart  into  space  in  all  directions 
from  the  other  terminal.  If  the  capacity 
is  increased  these  streams  resolve  them- 
selves in  flames  making  a  striking  dis- 
play as  shown  in  Fig.  2. 

Nikola  Tesla,  while  in  Colorado  carry- 
ing on  a  series  of  experiments,  pro- 
duced discharges  23  ft.  in  length,  pass- 
ing a  current  of  800  amperes  at  the  tre- 
mendous pressure  of  10,000,000  volts, 
producing  a  roar  that  could  be  heard  for 
miles.  At  ordinary  frequencies  it  is  well 
known  that  current  at  a  pressure  of  1 ,000 
volts  and  over  will  cause  instant  death. 
If,  however,  the  frequency  is  very  high. 


the  terminal  of  the  coil  is  connected  to 
either  one  of  them  the  lamp  burns  at 
full  candle  power.  Even  fine  iron  wire 
can  be  melted  in  two  in  the  same  way. 

When  the  coil  is  in  operation  and  is 
approached  by  a  metal  rod  held  in  the 
hand  the  spark  of  the  coil,  which  may  be 
of  over  a  foot  long,  will  jump  to  the  rod 
and  entirely  disappear  if  the  terminal  is 
touched,  showing  that  all  the1  current 
passed  through  the  body. 

With  the  pressure  of  this  coil  over 
100,000  volts,  if  one  person  touches  the 
terminal  of  the  coil  and  another  person 
comes  near,  sparks  jump  to  the  second 
person  when  several  inches  away;     If  a 
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vacuum  tube  is  held  in  the  hand  in  the 
vicinity  of  the  coil  it  will  glow  with  a 
soft  white  light.,  but  if  the  coil  is  touched 
the  effect  is  greatly  enhanced,  so  that 
it  is  possible  to  read  by  it.  Geissler 
tubes  are  affected  the  same  way. 

This  current  would  rather  jump  a 
considerable  distance  through  air  than 
go  through  even  a  few  turns  of  heavy 
wire  on  account  of  the  choking  effect. 
This  effect  can  be  shown  in  a  remark- 
able manner  by  connecting  an  ordinary 
16  candlepower  lamp  in  series  with  a 
piece  of  heavy  wire  bent  in  a  circle.  This 
lamp,    although    short    circuited,    can    be 


FIG. 


DISCHARGE  OF  A   TESLA   COIL. 


lighted  to  full  candlepower  by  touching 
it  to  the  coil,  showing  that  the  current 
would  rather  go  through  the  lamp  of 
high  resistance  than  through  the  heavy 
wire  whose  resistance  is  negligible. 

When  a  Tesla  coil  of  considerable 
power  is  in  operation  sparks  can  be 
drawn  from  metal  objects  in  the  vicinity, 
although  many  feet  away. 

Wireless  telegraphy  is  a  practical  ap- 
plication  of  high   frequency  currents. 


In  wireless  telephony  frequencies  of 
from  100.000  to  a  million  are  used. 

In  electrotherapeutics  the  high  fre- 
quency current  is  valuable. 

Generally  the  source  used  to  generate 
the  high  pressure  necessary  to  charge 
the  condensers  is  an  X-ray  coil,  when 
used  in  electrotherapeutics. 

It  is  held  by  many,  Tesla  among  the 
number,  that  high  frequency  currents 
will  work  a  revolution  in  the  applica- 
tion of  electric  force,  and  that  the  elec- 
tric power  of  the  future  will  be  pro- 
duced in  high  frequency  generating 
plants,  will  be  sent  out  through  space 
without  transmission  wires  and  will  be 
collected  at  will  at  any  point  desired. 


WIG-WAGGIISG  BEFORE  THE  TELEGRAPH 

During  the  demolition  of  the  Custom 
House  in  Wall  street,  Xew  York,  several 
old  flags  were  found  underneath  the 
flooring  of  the  upper  story.  The  supposi- 
tion was  that  they  had  been  used  for  the 
announcement  of  the  arrival  of  certain 
ships.  It  was  ascertained  that  these 
long  hidden  flags  had  been  used  for  a 
number  of  years  before  the  electric  tele- 
graph line  was  built  between  Jersey  City 
and  Philadelphia  in  wig-wagging  stock 
market  quotations  and  numbers  drawn 
in  lotteries  between  New  York  and  Phil- 
adelphia. From  the  roof  of  the  old  Cus- 
tom House,  then  the  Merchants'  Ex- 
change, a  flagman  signalled  to  a  man  on 
Bergen  Hill,  X.  J.,  who  in  turn  signalled 
to  a  man  six  miles  away,  and  so  on,  to 
Third  and  Market  streets,  Philadelphia. 
This  flag  signal  service  communicated  a 
ten  word  message  in  about  two  hours  on 
days  free  from  fog  or  snow  storms.  At 
times  the  service  was  supplemented  by  a 
lantern  method  of  communication. 

Y\ "hen  the  Morse  telegraph  line  came 
into  use  between  Phildelphia  and  Jersey 
City,  for  a  time  the  messages  between 
Xew  York  City  and  Jersey  City  were 
wig-wagged  between  the  telegraph  of- 
fices. Thereafter  a  line  was  built  along 
the  Jersey  line  of  the  Hudson  River  50 
miles  northward,  to  reach  a  narrow  part 
of  the  river,  where  a  wire  was  stretched 
over  and  thence  continued  to  Xew 
York  City,  making  a  circuit  of  over  ico 
miles,  because  it  was  not  believed  that  a 
submarine  cable  was  practicable,  al- 
though S.  F.  B.  Morse,  Alfred  Vail  and 
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a  great  grandson  of  Benjamin  Franklin 
had  made  successful  experiments  with 
a  submerged  line  of  electric  telegraph  be- 
tween the  New  Jersey  shore  and  Gov- 
ernor's Island  some  time  before  the  line 
was  built  between  Washington  and  Bal- 
timore. 


A  REMARKABLE  ELECTRIC  SIGN. 

At  the  very  top  of  one  of  San  Fran- 
cisco's tallest  hills  is  the  largest  electric 
sign  on  the  Pacific  coast,  and  it  is  also 
the  second  largest  sign  in  the  world. 
The  sign  is  easily  read  from  any  part  of 
the  city  and  far  out  in  the  Bay,  being 
visible  day  or  night  for  a  distance  of 
six  miles. 

The  letters  are  made  of  22  gauge  gal- 
vanized   iron    and    protected    with    four 


A    REMARKABLE    ELECTRIC    SIGN. 

coats  of  white  enamel,  giving  a  powerful 
reflecting  surface  to  the  light  given  off 
by  the  1,500  four  c.p.  lamps  which  cover 
the  letters. 

The  "A"  and  "B"  in  Anheuser  Busch, 
also  the  "A"  of  the  emblem  are  illumi- 
nated by  50  natural  ruby  glass  incandes- 
cents.  The  emblem  measures  from  tip 
to  tip  72  feet,  the  whole  sign  being  over 
80  feet  high.  The  letters  are  securely 
bolted  to.  10  cedar. poles  18  inches  by  95 
feet,  sunk  14.  feet  into  solid  rock  and 
braced  from  the  front  and  back  by    20 


No.  6  galvanized  iron  guy  wires  attach- 
ed to  12  by  12  by  8  foot  "dead  men** 
sunk  12  feet  in  the  rock.  The  lights  are 
controlled  from  a  metal  cabinet  box  lo- 
cated at  one  end  which  contains  all  the 
switches  and  cut-outs. 

Considering  the  difficulties  overcome 
in  the  placing  of  this  sign,  especially  the 
danger  to  the  workmen  swinging  into 
position  the  great  letters,  measuring  16 
feet  in  height,  in  gales  of  wind  which 
blow  over  this  point  at  a  velocity  of  from 
45  to  70  miles  per  hour,  it  is  safe  to 
say  that  this  is  the  greatest  piece  of  elec- 
trical engineering  done  anywhere  for  the 
sake  of  advertising. 


A  FREAK  DYNAMO. 

The  illustration  shows  what  foolish 
ideas  some  "would-be"  inventors  have 
stored  away  in  their  heads.  This  ma- 
chine was  recently  unearthed  in  a  small 
shop.  It  consists  of  an  endless  leather 
belt,  with  two  rows  of  copper  rivets 
(disconnected),    which   is   made   to   run 


A    FREAK    DYNAMO. 

over  two  wooden  pulleys.  An  upright 
piece  of  round  iron  supports  the  fields, 
which  are  insulated  from  the  iron  by 
means  of  paper  washers.  Small  Xo.  18 
wire  is  wrapped  around  the  two  pole 
pieces  as  shown,  and  current  from  the 
electric  light  service  passing  through 
several  lamps  affords  the  exciting  cur- 
rent. The  leather  riveted  belt  is  made 
to  pass  through  this  magnetic  field  and 
current  is  supposed  to  be  collected  from 
the  two  carbon  sticks  near  one  of  the 
pulleys.  A  motor  is  used  to  drive  the 
machine  and  it  is  needless  to  say  that 
current  is  not  generated. 

The  inventor  says  that  the  idea  came 
to  him  during  one  of  his  dreams  and. 
unfortunately,  believes  there  is  some- 
thing out  of  the  ordin;ir\-  to  be  accom- 
plished with  his  freak  machine. 


ELEMENTARY   ELECTRICITY. 

BY    EDWIN    J.    HOUSTON,     PH.    D.     ( PRINCETON). 
CHAPTER     IV. EFFECTS    OF    ELECTRIC    DISCHARGES. 


As  already  stated,  the  essential  parts 
of  simple  electric  circuits  are  the  elec- 
tric sources,  for  producing  the  electric- 
ity, the  electroreceptive  devices  for  ob- 
taining some  of  the  many  effects  elec- 
tricity is  capable  of  producing,  the 
electric  circuits  for  connecting  the  elec- 
troreceptive devices  with  the  sources  and 
the  switching  devices  for  opening  or  clos- 
ing the  circuits  at  convenient  points. 

Since  the  object  of  every  electric  in- 
stallation or  plant  is  to  produce  electric- 
ity, and  so  lead  it  through  various 
electroreceptive  devices  that  different 
electric  effects  may  be  obtained,  it  will- 
be  readily  seen  that  a  discussion  of  these 
effects  is  a  matter  of  prime  importance. 

Having  now  briefly  explained  the  pe- 
culiarities of  electric  circuits,  we  are  in 
a  position  intelligently  to  discuss  some 
of  the  effects  of  electric  discharges. 

While  it  is  not  exactly  known  what  an 
electric  discharge  or  current  is,  yet  it  is 
possible,  by  means  of  one  or  another  of 
these  effects,  not  only  to  know  when 
electricity  is  passing  through  any  cir- 
cuit, but  also  to  determine  the  amount 
of  electricity  that  is  passing  in  any  given 
time.  If  the  passage  of  the  discharge 
produces  a  certain  effect,  the  fact  of  this 
passage  is  at  once  determined  by  the 
production  of  this  effect.  Moreover, 
the  amount  of  electricity  that  passes  can 
be  determined  by  the  amount  of  the  ef- 
fect..  Various  devices  are  employed  for 
measuring  the  amount  of  current.  Some 
of  these  are  known  as  ampere-meters  or 
ammeters,  because  they  measure  the 
amount  of  current  that  passes  in  am- 
peres. Others  are  called  wattmeters,  be- 
cause they  measure  the  amount  of  elec- 
tric power  transmitted  in  a  given  time 
in  units  of  electric  power  called  watts. 
An  example  of  an  electric  measuring  de- 
vice is  shown  in  Fig.  30.  which  repre- 
sents the  Thomson  recording  wattmeter. 
the  operation  of  which  will  be  explained 
in  another  article. 

It  is  not  our  intention  now  to  more 
than  briefly  refer  to  the  character  of  the 
effects  produced  by  the  passage  of  elec- 
tric discharges. 


The  more  important  effects  produced 
by  the  passage  of  an  electric  discharge 
through  any  circuit  are: 

(1)  Magnetic  effects.  The  passage 
of  an  electric  discharge  is  invariably  at- 
tended by  the  production  of  magnetism 
in  the  medium  surrounding  the  circuit. 
-  The  magnetic  effects  produced  by 
electric  discharges  are  exceedingly  com- 
mon. Indeed,  magnetism  invariably  at- 
tends the  discharge  of  electricity  through 
a  circuit.  Xo  matter  what  may  be  the 
kind  or  condition  of  the  materials  of 
forming  the  circuit,  or  what  may  be  the 


FIG.    30.     RECORDING    WATTMETER. 

character  of  the  discharge,  its  passage  is 
invariably  attended  by  magnetism.  As  is 
well  known,  magnetism  gives  rise  to  a 
variety  of  effects,  among  the  common- 
est of  which  are  the  attraction  or  repul- 
sion magnets  exert  on  one  another.  Un- 
der proper  conditions,  these  attractions 
and  repulsions  may  produce  a  continuous 
rotation,  as  in  the  electric  motor,  as 
shown  in  Fig.  31,  by  the  electric  desk 
fan  motor. 

(2)  Thermal  or  heating  effects.  The 
passage  of  an  electric  discharge  through 
any  circuit  is  invariably  attended  by  an 
increase  in  temperature  of  the  substance 
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or  substances  forming-  the  circuit.  The 
amount  of  this  increase  in  temperature 
depends  not  only  on  the  amount  of  elec- 
tricity that  passes;  that  is,  the  rate  at 
which  it  is  passing,  but  also  on  the  char- 


FIG.  31.  THE  ELECTRIC  FAN  MOVES  BY 
ELECTRIC  REPULSION. 

acter  and  dimensions  of  the  circuit  in 
which  the  heat  is  produced.  A  variety 
of  heating  effects  may  be  produced  by 
the  passage  of  an  electric  current,  such, 
for  example,  as  are  seen  in  the  electric 
flatircn  represented  in  Fig.  32. 

(3)  Luminous  effects.  As  soon  as 
the  temperature  of  portions  of  the  cir- 
cuit passes  beyond  a  certain  limit,  the 
passage  of  an  electric  discharge  through 
any  circuit  is  invariably  attended  by  the 
production  of  light. 

A  variety  of  luminous  effects  are  pro- 
duced by  the  passage  of  an  electric  cur- 
rent. Among  the  commonest  of  these  are 
the  arc  and  incandescent  electric  lights, 
which  are  well  known  to  every  one.  Fig. 
33  is  an  example  of  a  new  type  of  incan- 
descent lamp  not  so  well  known — the 
tungsten  lamp.  This  lamp  is  made  lum- 
inous by  the  passage  of  current  through 
filaments  of  tungsten,  as  in  the  ordinary 
carbon  filament  lamp. 

It  is  interesting  to  note  that  the  three 
effects  already  enumerated  as  being  pro- 


duced by  the  passage  of  an  electric  dis- 
charge; i.  e.,  the  magnetic,  the  thermal, 
and  the  luminous,  agree  with  one  an- 
other in  that  they  all  take  place  in  the 
same  medium — the  universal  ether. 

Without  entering  into  an  explanation 
as  to  what  is  meant  by  the  universal 
ether,  it  will  suffice  to  say  that  it  is  an 
exceedingly  tenuous  medium  that  occu- 
pies not  only  all  the  spaces  between  the 
grosser  particles  of  matter,  not  only  the 
spaces  between  the  mere  minute  portions, 
the  molecules  and  atoms,  but  also  the 
space  through  which  the  sun,  earth  and 
other  bodies  of  the  solar  system  move, 
and,  as  far  as  is. known,  extends  through- 
out the  stellar  space  that  fills  the  entire 
universe. 

The  passage  of  an  electric  discharge 
through  any  circuit  sets  up  wave  motions 
in  the  universal  ether.  These  motions 
may  consist  either  of  the  streamings  or 
vortices  that  produce  magnetism;  or,  of 
the  rapid  to-and-fro  motions  that  produce 


FIG.  32.  THE  ELECTRIC  FLATIROX  —  AX 

EXAMPLE  OF  THE  HEATING  EFFECT 

OF  ELECTRICITY. 

heat  and  light,  light  differing  from  heat 
solely  in  the  fact  that  its  toand-fro  mo- 
tions are  far  more  rapid. 

But  there  are  still  other  effects  pro- 
duced by  the  passage  of  an  electric  dis- 
charge. Let  us.  therefore,  pass  to  their 
consideration. 

(4)  Chemical  effects.  The  passage 
of  an  electric  discharge  through  a  cir- 
cuit sometimes  results  in  the  decomposi- 


204 


POPULAR    ELECTRICITY 


tion  of  the  molecules;  that  is,  in  the 
atoms  in  the  molecules  being  separated 
from  one  another.  After  their  separation 
the  atoms  may  remain  uncombined  with 
other  atoms,  or  they  may  re-unite  to 
form  new  molecules.  Effects  of  this 
character  are  called  chemical  effects.  The 
peculiar  odor  observed  during  the  ope- 
ration of  an  electric  machine  is  due  to  a 
chemical  change  produced  on  the  mole- 
cules of  the  oxygen  of  the  atmosphere 
through  which  the  discharge  passes. 

(5)  Mechanical  effects.  The  passage 
of  an  electric  discharge  through  a  circuit 
is  not  only  attended  by  the  rapid  motion 

of  those  small 
particles  called 
molecules,  not 
only  by  the  mo- 
tion of  those 
still  smaller  par- 
ticles called  at- 
oms, but  also  by 
the  motion  of 
the  grosser, 
though  never- 
theless smaller 
particles  called 
masses.  These 
latter  motions 
may  be  suffi- 
ciently powerful 
to  result  in  the 
tearing  or  rend- 
ing of  solid 
bodies,  like 
wood  and  stone, 
or  in  the  fusion 
or  volatilization 
of  metals.  Ef- 
fects of  this 
character  are  seen  in  the  lightning  flash. 
The  passage  of  an  electric  discharge 
may  therefore  produce  a  motion  of  the 
masses,  of  the  molecules,  or  of  the 
atoms ;  in  other  words,'  these  motions 
may  be  molar,  molecular,  or  atomic. 

(6)  Physiological  effects.  The  pas- 
sage of  an  electric  discharge  through  an- 
imals invariably  results  in  an  influence 
on  the  nervous  system  producing  what 
is  known  as  a  physiological  shock  and  at 
the  same  time  profoundly  modifying  the 
processes  of  secretion,  excretion,  etc. 

But  besides  the  physiological  shock 
the  passage  of  an  electric  discharge 
through  an  animal  produces  various  sen- 


FIG.    33.     THE   NEW 
TUNGSTEN   LAMP. 


sation  of  light,  sound,  taste  or  smell,  by 
the  excitation  of  the  special  organs  of 
sight,  hearing,  taste  or  smell. 

(7)  Radio-active  effects.  Under  cer- 
tain conditions  the  passage  of  an  electric 
discharge  may  result  in  the  breaking  up 
of  the  atoms  of  certain  varieties  of  mat- 
ter, thus  producing  what  are  known  as 
fragmentary  atoms  or  corpuscles.  As 
we  shall  afterwards  explain,  these  split 
atoms  or  corpuscles  produce  various 
phenomena,  to  some  extent  in  the  mate- 
rials of  the  electric  circuit,  although  prin- 
cipally in  media  outside  the  circuit,  by 
the  action  of  what  are  known  as  X-rays, 
Roentgen  rays,  uranium  rays,  polonium 
rays,  thorium  rays,  etc.  This  class  of 
phenomena  may  be  included  under  the 
general  term  radio-active  phenomena  or 
radio-activity,  and  will  be  afterwards 
discussed  in  detail. 

Without  attempting  at  the  present 
time  to  enter  into  details,  it  may  be  said 
that  an  electric  discharge  or  current  is 
no  longer  regarded  as  passing  through 
the  mass  of  the  conductors  that  form  the 
circuit,  but  rather  through  the  universal 
ether  which  surrounds  and  fills  the 
spaces  between  its  molecules.  For  ex- 
ample, in  a  simple  circuit  consisting  of 
an  electric  source  connected  by  copper 
wires  or  other  metallic  conductors  with 
one  or  more  electroreceptive  devices, 
while  the  electricity  is  generally  spoken 
of  as  leaving  the  source  at  its  positive 
pole,  flowing  through  the  circuits  and 
the  electroreceptive  devices  connected 
therewith,  and  returning  to  the  source  at 
its  negative  pole,  in  reality,  it  is  through 
the  universal  ether  lying  outside  the  cir- 
cuit and  not  through  the  gross  matter  of 
the  conductors  themselves  that  the  elec- 
tricity passes.  The  part  played  by  the 
conductors  is  merely  to  direct  or  deter- 
mine the  path  the  discharge  takes.  This, 
however,  is  only  said  in  passing.  We 
can,  for  the  time  being,  safely  regard  the 
conductors  as  forming  the  path  of  the 
discharge. 

Without,  therefore,  endeavoring  now 
exactly  to  define  in  what  an  electric  dis- 
charge of  current  consists,  we  shall  re- 
main satisfied  with  the  following:  An 
electric  discharge  or  current  consists  of 
the  passage  of  something  called  electri- 
city through  the  universal  ether  sur- 
rounding a  conductor,  and  to  some  ex- 
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tent,  also,  through  the  ether  that  fills  the 
spaces  between  the  small  particles  or 
masses  of  which  the  conductor  may  be 
regarded,  as  well  as  through  the  spaces 
between  the  molecules  or  the  atoms. 
Bearing  in  mind  this  provisional  defini- 
tion ;  i.  e.,  that  an  electric  current  con- 
sists of  the  flow  or  passage  of  electricity, 
it  is  evident  that  there  are  certain  re- 
spects in  which  electric  currents  may  dif- 
fer from  one  another,  as  follows : 

( 1 )  In  the  quantity  of  electricity  that 
passes  per  second. 

(2)  In  the  pressure  or  force  that 
causes  the  electricity  to  pass ;  or,  as  we 
have  already  agreed  to  call  it,  the  elec- 
tricity moving  force,  the  electromotive 
force,  or,  as  generallv  contracted,  the  E. 
M.  F. 

We  have  already  seen  that  an  electric 
discharge  or  current  closely  resembles  a 
current  of  water  flowing  through  a  pipe. 
The  passage  of  the  water  through  the 
pipe  is  due  to  the  action  of  a  pressure 
that  may  be  called  the  water-motive 
force.  In  this  respect  a  current  of  elec- 
tricity and  a  current  of  water  exactly  re- 
semble each  other.  Indeed,  as  we  shall 
now  see,  this  resemblance  extends  furth- 
er. 

In  the  first  place  a  water  current  may 
be  constant  as  regards  the  amount  of 
water  passing  per  second.  A  given  quan- 
tity of  water,  say  a  certain  number  of 
cubic  feet,  passes  each  second.  As  long 
as  the  pressure  which  causes  the  water 
to  flow  and  the  resistance  that  opposes 
this  flow  remain  constant,  the  quantity  of 
water  passing  will  remain  constant.  In 
the  case  of  the  flow  of  water  through  the 
pipes,  a  constant  water  pressure,  or  wa- 
ter-motive force,  means,  where  the  flow 
is  due  to  the  action  of  pumps,  that  the 
pressure  has  been  maintained  constant  by 
keeping  the  number  of  revolutions  per 
second  of  the  driving  engine  constant. 

A  constant  electric  current  is  produced 
when  the  electromotive  force  and  the  re- 
sistances of  the  circuit  are  maintained 
constant.  An  example  of  a  constant  elec- 
tric current  is  seen  in  the  current  pro- 
duced by  the  ordinary  voltaic  cell  known 
as  the  Darnell's  or  Milestone  cell  that  is 
employed  in  telegraphy. 

But  the  current  of  water  may  not  re- 
main constant.  The  pressure  that  causes 
its  flow  mav  vary ;  it  mav  increase  or  de- 


crease in  strength,  so  that  the  quantity 
of  water  passing  per  second,  or  the  wa- 
ter current,  may  vary.  Such  would  be 
the  case  where  the.  pressure  is  caused  by 
the  action  of  pumps.  An  increase  in  the 
number  of  revolutions  of  the  driving 
machinery  could  produce  an  increase  in 
pressure,  and  a  consequent  increase  in 
the  number  of  cubic  feet  of  water  that 
pass  in  a  given  time. 

There  is  a  variety  of  electric  current 
known  as  the  variable  current  where  the 
quantity  of  electricity  that  passes  per 
second  varies.  This  is  the  variety  of 
electric  current  found  in  all  circuits  fed 
by  dynamo-electric  machines.  .  An  in- 
crease in  the  electromotive  force  that  fol- 
lows a  change  of  position  of  the  collect- 
ing brushes  on  the  commutator,  or  an 
increase  in  the  number  of  revolutions  per 
second  of  the  dynamo,  will,  if  the  resist- 
ance of  the  circuit  remains  constant. 
cause  an  increase  in  the  current  strength, 
or  in  the  amount  of  electricity  that 
passes  per  second. 

In  the  case  of  a  variable  water  current 
the  variations  in  the  quantity  of  water 
passing  per  second  may  take  place  slow- 
ly, hours  or  even  days  being  required  for 
the  increased  discharge  to  reach  its  max- 
imum, or  the  decrease  its  minimum.  Thev 
may,  however,  occur  suddenly,  so  that  a 
great  volume  of  water  may  be  discharged 
in  a  few  hours,  or,  indeed,  in  a  few  min- 
utes. When  water  collects  in  a  reser- 
voir, a  long  or  unusually  heavy  rain  will 
cause  the  depth  of  water  gradually  to  in- 
crease. The  increase  in  pressure,  due  to 
increase  in  depth,  will  cause  a  gradual 
increase  in  the  amount  of  flow  per  sec- 
ond from  the  reservoir. 

Sometimes,  as  in  a  cloudburst,  a  heavy 
rainfall  causes  a  rapid  increase  of  water 
and  the  pressure  against  the  retaining 
walls  of  the  reservoir  may  rapidly  be- 
come so  great  that  the  walls  burst  or 
break,  and  nearly  all  the  water  is  dis- 
charged in  a  short  time.  Fearfully  de- 
structive effects  may  thus  be  produced 
by  the  sudden  discharge  of  the  water. 
The  energy  gradually  stored  up  in  the 
water,  expended  in  a  lew  moments,  may 
cause  damages  that  arc  both  great  and 
far-reaching. 

Similar  discharges  may  occur  in 
tricity.     As  in   the  case   of  water  being 
gradually    stored    in    the   reservoir,   with 
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the  pressure  against  its  retaining  walls 
gradually  becoming  greater  and  greater 
until  at  last  all  the  accumulated  water 
discharges  in  one  great  wave,  so  in  elec- 
tricity charges  may  increase  until 
suddenly,  almost  all  the  stored  elec- 
tricity escapes  in  a  fraction  of  a 
second.  Such  discharges  are  known 
as  disruptive  or  impulsive  discharges. 
Examples  of  disruptive  discharges  are 
seen  in  the  discharge  of  the  Leyden  jar. 
Here  charges  of  opposite  character ;  i.  e., 
positive  and  negative,  gradually  collect  on 
the  opposite  sides  of  the  glass,  until  at 
last  the  stress  exerted  becomes  sufficient- 
ly great  to  rupture  or  break  the  glass. 
The  entire  quantity  of  electricity  is  then 
discharged  through  any  circuit  connect- 
ed with  the  opposite  coatings.  This  dis- 
charge occurs  in  a  small  fraction  of  a 
second  and  may,  if  the  resistance  of  the 
circuit  permits  it,  be  of  an  impulsive 
character. 

Another  example  of  a  disruptive  dis- 
charge is  found  in  the  case  of  a  light- 
ning flash  where  opposite  electric 
charges  have  gradually  collected  on  the 
opposed  surfaces  of  neighboring  clouds, 
or  between  a  cloud  and  the  earth.  Such 
a  charge  resembles  a  huge  Leyden  jar. 
As  the  opposite  charges  increase  the 
stress  on  the  air  between  them  increases 
and  at  last  becomes  so  great  that,  no 
longer  able  to  keep  the  charges  apart  the 
air  is  suddenly  broken  or  ruptured,  and 
the  discharge  passes  in  the  form  of  a 
lightning  flash.  The  principal  difference 
between  this  kind  of  discharge  and  that 
of  a  Leyden  jar  is  that  in  the  Leyden 
jar  the  glass  is  unable  to  mend  itself, 
while  in  the  lightning  flash  the  ruptured 
air  at  once  flows  in  and  is  thus  ready  for 
additional   discharges. 

It  must  not  be  supposed  that  the  dis- 
charge of  a  Leyden  jar  takes  place  by 
means  of  a  single  rush  of  electricity  be- 
tween the  opposite  metallic  coatings.  On 
the  contrary,  the  electricity  flows  first  in 
one  direction  and  then  in  the  opposite 
direction ;  that  is,  the  discharge  is  alter- 
nating, or  oscillatory  in  character. 

There  is  still  another  kind  of  water 
current;  i.  e.,  the  tidal  current  that  oc- 
curs in  rivers  that  empty  directly  into  the 
ocean.  Here,  the  water  does  not  con- 
tinue to  flow  into  the  ocean.  After  hav- 
ing flowed   from  its   head   to    ards     its 


mouth  for  a  certain  time,  its  direction  of 
flow  changes,  the  water  now  coming  in 
from  the  ocean  under  the  influence  of 
the  moon's  attraction.  In  the  case  of 
tides  at  the  mouth  of  a  river,  this  change 
in  the  direction  of  flow  occurs  four  times 
every  24  hours ;  in  other  words,  there  are 
approximately  twro  flood  tides  and  two 
ebb  tides. 

The  electric  current  or  discharge  may 
also  be  of  a  similar  alternating  character. 
It  may  flow  in  a  certain  direction  for  a 
given  time,  and  then  suddenly  change, 
and  flow  in  the  opposite  direction.  Gen- 
erally speaking,  in  the  case  of  electricity, 
the  alternations  or  changes  in  direction 
occur  rapidly,  there  being  many  changes 
per  second. 

Nearly  every  dynamo-electric  machine 
produces  alternating  currents  as  the  coils 
of  wire  on  its  armature  are  rotated  or 
moved  through  the  magnetic  fields  pro- 
duced by  the  field  magnets.  In  some 
cases,  however,  these  currents  are  caused 
to  flow  in  one  and  the  same  direction, 
being  changed  from  alternating  to  di- 
rect currents,  by  the  use  of  a  device 
called  a  commutator. 

In  alternating  electric  currents  the 
name  alternating  is  given  to  each  to- 
and-fro  motion  of  the  current.  A  com- 
plete to-and-fro  motion  is  called  a  cycle. 
The  time  necessary  to  complete  one  cycle 
or  two  alternations  is  called  a  period. 
The  number  of  cycles  per  second  is 
known  as  the  frequency. 

Since  the  character  of  the  effects  pro- 
duced by  an  electric  discharge  whether 
they  be  magnetic,  thermal,  luminous,  me- 
chanical, chemical,  physiological,  or  ra- 
dio-active, varies  not  only  with  the 
amount  of  the  discharge  and  with  the  na- 
ture of  the  circuits  from  which  the  dis- 
charges take  place,  but  also  with  the 
character  of  the  discharge,  it  is  impor- 
tant that  the  character  of  the  discharge 
be  taken  into  consideration. 

Attention  is  therefore  called  to  the  fol- 
lowing varieties  of  electric  discharges 
briefly  referred  to  above : 

Disruptive  discharge,  a  name  given  to 
the  sudden  and  more  or  less  complete 
discharge  that  takes  place  through  the 
intervening  non-conductor  or  di-electric 
that  separates  two  opposite  electric 
charges.  Disruptive  discharges  are 
oscillatory,  or  rapidly  alternate  in  direc- 
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tion  and  periodically  decrease  in  strength. 

Conductive  discharges,  a  name  given 
to  a  discharge  effected  by  leading  off, 
through  a  conductor  placed  in  contact 
with  a  charged  body,  the  electricity  that 
has  collected  on  its  surface.  The  term 
conductive  discharge  is  generally  em- 
ployed as  opposed  to  disruptive  dis- 
charge. Generally  speaking,  all  dis- 
charges must  be  conductive,  since,  unless 
the  electricity  is  conducted,  or  passed 
from  place  to  place,  the  discharge  could 
not  occur.  So  far,  however,  as  the  term 
conductive  discharge  is  employed  in  op- 
position to  disruptive  discharge,  there  is 
no  objection  to  its  use. 

Constant  current,  a  name  given  to  an 
electric  discharge  the  strength  of  which 
is  varying.  The  use  of  the  term  constant 
current  in  the  sense  of  direct  current 
should  be  carefully  avoided.  A  direct 
current  is  a  discharge  in  which  the  elec- 
tricity continuously  flows  in  the  same  di- 
rection while  a  constant  current  is  one  in 
which  the  amount  of  the  discharge  re- 
mains constant. 

Direct  current,  a  name  given  to  an 
electric  discharge  the  direction  of  which 
remains  the  same.  The  term  direct  cur- 
rent is  properly  employed  in  opposition 
to  alternating  current.  A  direct  current 
is  sometimes  called  a  continuous  current. 

Alternating  currents,  a  name  given  to 
currents  that  alternately  and  periodically 
flows  in  opposite  direction. 

Oscillatory  currents,  a  name  given  to 
alternating  currents  that  rapidly  alter- 
nate or  reverse  their  direction  and  peri- 
odically decrease  in  amplitude. 

The  influence  of  the  character  of  elec- 
tric discharges  on  the  effects  produced 
can  be  seen  for  example  in  the  case  of 
luminous  effects,  where  alternating  cur- 
rents are  employed  for  the  feeding  of  arc 
lamps.  Since  the  arc  is  practically  ex- 
tinguished with  each  change  of  direction 
of  the  current,  the  steadiness  of  the  light 
produced  will  necessarily  vary  with  the 
frequency.  The  flickerings  so  caused  by 
the  changes  in  the  direction  of  the  cur- 
rent are  extremely  marked  and  annov- 
ing  as  long  as  the  frequency  is  less  than 
35  periods  or  double  reversals  per  sec- 
ond. As  the  frequency  increases,  how- 
ever, the  flickerings  become  less  and  less, 
and  when  they  become  greater  than  70 


cycles,   or    double    reversals    per    second. 
entirely  disappear. 

The  character  of  the  discharge  must 
also  necessarily  produce  different  chemi- 
cal effects.  Generally  speaking,  a  direct 
current  produces  more  marked  chemical 
effects  than  an  alternating  current,  since. 
within  certain  limits,  any  effect  produced 
by  the  discharge  when  flowing  in  a  cer- 
tain direction  must  necessarily  be  re- 
versed when  it  flows  in  the  opposite  di- 
rection. 

(To  be  continued.; 


THE  HELION  LAMP. 


The  very  latest  arrival  in  the  alreadv 
quite  large  family  of  incandescent  elec- 
tric lamps  is  the  Helion  lamp.  The  fila- 
ment of  this  lamp  is  formed  by  the 
deposition  of  silicon  upon  a  carbon  core, 
and  when  in  operation  it  gives  off  a 
white  light  very  nearly  like  sunlight. 
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Compared  with  ordinary  lamp  fila- 
ments, the  Helion  filament  is  consider- 
ably thicker  and  stiffer,  but  in  spite  of 
this  its  resistance  is  so  great  that  onh  a 
short  filament  is  required. 

The  most  remarkable  thing  about  the 
Helion  filament,  however,  is  that  it  can 
be  burned  in  air  without  immediate  de- 
struction, although  the  best  results  are 
obtained  by  burning  it  in  a  vacuum  bulb. 
The  accompanying  cut  shows  a  no-volt 
Helion  filament  burning  in  air. 
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ELECTRIC  FIRE  ENGINES. 

The  chief  of  the  fire  department  of 
Berlin,  Germany,  has  completed  a  num- 
ber of  tests  with  an  electric  fire  engine, 
and  found  it  so  satisfactory  that  several 
are  being  installed.  For  a  month  the  ma- 
chine was  sent  out  on  two  journeys  every 
day,  not  only  to  points  in  the  city  and 
suburbs  but  to  towns  25  and  30  miles 
distant.  The  principal  object  of  these 
distant  runs  was  to  thoroughly  test  the 
motors  and  battery  on  badly  paved  roads 
and  up  grades.  During  a  single  week 
the  engine  covered  600  miles. 


ELECTRICITY    FROM  SMALL  WATER- 
POWERS. 

Increasing  knowledge  of  electricity  is 
creating  desire  among  those  living  in 
rural  communities  to  enjoy  its  advan- 
tages. The  question  naturally  arises, 
"How  is  the  necessary  power  to  be  ob- 
tained ?''    A  steam  plant  is  too  expensive. 


operate  his  machinery?  This  is  a  ques- 
tion that  is  being  taken  up  seriously  by 
engineers,  and  it  is  prophesied  that  in  the 
near  future  such  water  powers  will  be 
developed  and  prove  a  valuable  addition 
to   the   wealth  of  the   country. 

As  an  example  of  what  may  be  done  in 
this  direction,  the  following  description 
of  how  a  small  water  power  of  this  na- 
ture was  developed  on  the  Mississin- 
newa  river  near  Wabash,  Ind.,  will  be  of 
interest. 

As  shown  in  one  of  the  illustrations. 
the  plant  is  installed  in  an  old  grist  mill 
which  occupies  a  romantic  spot  on  the 
little  stream.  It  stands  just  a  few  miles 
up  stream  from  the  historic  burying 
grounds  of  the  Miami  Indians,  where 
Frances  Slocum  was  buried,  better 
known  by  her  Indian  name  of  "White 
Rose." 

This  small  plant  furnishes  current  for 
a  small  amusement  resort  at  this  point, 


THE   OLD  MILL— UTILIZED   TO   GENERATE         ELECTRICITY. 


The  gasolene  engine  requires  attendance 
and  is  more  or  less  complicated.  There 
is  a  source  of  power,  however,  that  has 
hitherto  been  but  little  exploited,  and 
that  is  the  small  water  power.  -Dis- 
tributed over  this  country  are  thousands 
of  small  streams  having  in  their  courses, 
here  and  there,  a  fall  of  a  few  feet.  The 
possible  power  is  not  sufficient  to  attract 
industrial  concerns,  consequently  they  He 
untouched.  Why  should  the  farmer  not 
take  advantage  of  these  natural  sources 
of  power  to  light  and  heat  his  home  and 


and  was  built  at  the  expense  of  a  few 
hundred  dollars.  The  waterwheel  is  of 
the  vertical  type,  and  is  capable  of  de- 
veloping 40  horse-power  with  the  head 
obtained,  which  is  about  six  feet.  The 
wheel,  by  means  of  a  bevel  gear,  runs  the 
dynamo  by  a  belt  shaft. 

At  present  about  150  lights,  mostly 
eight  candle-power,  are  being  used. 
Light  is  furnished  to  the  stables,  the 
boat  landing,  bathhouse,  amusement  hall, 
refreshment  room,  band  stand,  etc. 

As  the  mill  is  in  operation  during  the 
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day  the  electric  power  generated  at  night 
is  clear  gain.  The  cost  of  power  is  very 
low7,  as  the  regular  mill  attendant  oper- 
ates the  machine  and  the  only  expense  is 
for  oil  (which  is  a  small  item)  and  inci- 
dental repairs.  The  cost  does  not  ex- 
ceed five  cents  per  kilowatt  hour. 

The  small  cut  shows  the  interior  of 
the  plant  with  its  one  dynamo  and  the 
switching  arrangements  mounted  on  an 
improvised  switchboard. 


LONDON'S  SURFACE  RAILWAYS. 

The  electric  surface  railways  of  Lon- 
don are  for  the  most  part  constructed  on 
the  slotted  conduit  system.  The  cost  of 
the  track  work  alone,  with  its  deep  ex- 
cavation for  the  conduit,  is  over  $170,- 
327  per  mile  of  double  track.  Attempts 
have  been  made  to  get  the  borough 
councils  to  consent  to  the  overhead  wire 
system,  which  would  only  cost  half  the 
money  for  permanent  way,  including 
poles  and  wires.  These  attempts  have 
failed.  Millions  are  being  spent  in  the 
London  electric  railroads,  miles  of  horse 
lines  remain  yet  to  be  electrified,  and  ad- 
ditional routes  require  to  be  opened  up. 


GOLDEN    JUBILEE     OF     THE     ATLANTIC 
CABLE. 

On  August  16,  1858,  the  laying  of  the 
first  Atlantic  cable,  was  finished,  and 
communications  passed  between  the 
coast  of  Kerry,  Ireland,  and  England's 
oldest  colony,  Newfoundland.  The  late 
Lord  Kelvin  was  the  principal  electrical 
engineer  concerned  in  the  laying  of  that 
cable,  and  was  shortly  afterward  knight- 
ed in  recognition  of  that  wrork.  Three 
years  before,  the  promoters  of  this  At- 
lantic cable  had  laid  down  60  miles  of 
cable  between  Cape  Ray  and  Cape  North. 
This  was  lost  in  a  severe  gale. 

After  the  "1858"  cable  was  in  use  be- 
tween Newfoundland  and  Ireland,  the 
time  for  messages  between  New  York 
and  London  was  24  hours,  due  to  the 
break  in  communication  by  telegraph  be- 
tween Newfoundland  and  the  mainland, 
80  miles,  which  was  made  by  steamer. 

The  rate  for  messages  between  New 
York  and  London  was  $1  a  word.  This 
first  cable  was  active  about  one  month 
when  it  failed  to  work,  and  was  in  trade 
parlance  "dead." 

The  golden  jubilee  of  Atlantic  Ocean 
telegraphy,  to  be  held  at  home  and 
abroad  in  August,  is  intended  to  com- 
memorate the  cable  of  1858. 

The  world's  investments  in  ocean  ca- 
bles is  $225,000,000.  The  aggregate 
length  is  sufficient  to  make  nine  girdles 
around  the  equator.  Forty-two  steam- 
ships, with  an  aggregate  tonnage  of  68,- 
000  tons,  are  employed  in  laying  and  re- 
pairing* ocean  cables.  The  longest  cable 
is  between  the  coast  of  Cornwall,  Eng- 
land, via  the  Cape  of  Good  Hope,  and 
Adelaide,  in  southern  Australia.  The 
steaming  time  between  the  terminals  of 
that  cable  is  six  weeks :  the  cable  mes- 
sages take  two  to  four  minutes. 

Practically  there  is  little  difference  in 
the  methods  of  making  ocean  cables  to- 
day and  50  years  ago.  The  route  for 
the  Atlantic  cable  was  laid  down  by 
Maury,  and  he  made  the  argument  for  a 
Federal  appropriation  for  making  the 
soundings  on  the  route.  This  work  was 
done  by  the  accomplished  Lieutenant 
Brooke,  U.  S.  N.  His  records  of  the 
voyage,  and  the  writings  of  Maury  on 
the  same  subject,  made  the  foundations 
for  orography  and  for  the  sciences  devel- 
oped by  Huxley,  Tyndall  and  Haeckel. 
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REMARKABLE    EFFECT  OF  A  LIGHTNING 
STROKE. 

Twenty-eight  head  of  cattle  were  elec- 
trocuted at  Plainfield,  111.,  by  a  bolt  of 
lightning  which  traveled  along  a  barb 
wire  fence  against  which  the  cattle  drift- 
ed during  a  storm.  If  the  fence  posts 
had  been  grounded  with  wire  it  is  prob- 
able that  the  animals  would  have  been 
saved,  although  there  is  no  positive  as- 
surance that  this  would  have  been  the 
case,   for  there  is  no  foretelling  the  ac- 


earth  and  generally  does  the  damage  be- 
fore electricity  from  the  cloud  can  reach 
the  objects  on  the  earth.  This  must  be 
true,  for  the  reason  that  attraction  is  mu- 
tual and  the  quantity  of  electricity  equal. 
As  the  objects  on  earth  may  be  consid- 
ered parts  of  the  earth  and  to  possess  a 
higher  degree  of  conductive  power  than 
that  of  the  atmosphere  between  them  and 
the  clouds,  electricity  must  pass  through 
them  before  that  from  the  cloud  can 
reach  them. 


tion  of  lightning. 


Its  voltage  is  so  enor- 
mous that  it  seems  to  overleap  the 
bounds  which  man  is  able  to  set  on  the 
comparatively  low-  voltage  currents 
which  he  is  able  to  generate  and  control. 
According  to  some  authorities  all  ob- 
jects beneath  the  electrified  cloud  are 
supposed  to  be  oppositely  charged  by  in- 
duction.    If   a  discharge  takes  place   at 


REMARKABLE    EFFECT    OF   A    LIGHTNING'    STROKE. 


any  point,  from  any  cause  whatever,  the 
cloud  is  left  in  a  neutral  condition,  in- 
duction ceases,  and  the  objects  charged 
by  induction  instantly  return  to  a  neutral 
state.  It  is  this  return  that  is  known  as 
a  return  stroke,  and  often  kills  men  and 
animals  which  are  at  a  great  distance 
from  the  place  where  the  direct  dis- 
charge occurs.  Most  of  the  damage 
done  by  lightning  is  done  by  this  return 
stroke.  It  is  in  guiding  to  harmless  dis- 
charge, this  return  stroke  that  the  light- 
ning rod  is  most  effective. 

Electricity  from  the  earth,  passing  up- 
wards, goes     through     objects     on  the 


FORMULAS    FOR    ELECTRICIANS    TO 
KNOW. 

Amalgam  for  Electrical  Machinery. — 
Tin,  25  pounds ;  zinc,  25  pounds ;  mer- 
cury, 50  pounds. 

Solder. — Two  parts  black  tin ;  one 
part  black  lead. 

Low  Fusing  Solder. — Add  to  common 
solder  three  to  five 
drops  of  mercury 
to  each  ounce  of 
solder. 

Bismuth  Solder. 
— Equal  parts  of 
tin,  lead  and  bis- 
muth. 

German  Silver 
for  Rheostat  Re- 
sistance W  i  r  e.: — 
Copper,  50  parts ; 
zinc,  25  parts ; 
nickel,  25  parts. 

Soldering  Acid. 
— Fill  a  jar  partly 
full  of  nitric  acid 
and  bury  as  much 
zinc  in  the  acid  as 
possible.  The  acid 
will  commence 
boiling  and  the  gas  formed  by  the  chem- 
ical action  should  be  lighted.  Continue 
lighting  until  the  boiling  has  ceased. 
The  resulting  solution  is  a  good  acid  to 
be  used  in  soldering  to  cast  iron  and 
other  metals. 

Glass  Bead  Insulation. — Rubber  in- 
sulation will  not  stand  high  tempera- 
tures, and  as  a  substitute  glass  beads 
may  be  strung  on  the  wire  if  the  cur- 
rent carried  is  not  over  no  or  220  volts. 
This  makes  a  flexible  and  heat-proof  in- 
sulation, and  is  sufficient  for  low  volt- 
ages. It  should,  not  be  employed,  how- 
ever, with  voltages  of  220. 


AN  EFFICIENT  ADVERTISMENT. 


m 
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Here  is  a  building  il- 
luminated over  its  entire 
exterior  with  incandes- 
cent electric  bulbs  of 
eight  candle  power  each. 
There  are  over  6,000 
of  the  little  globes. 
The  brilliancy  of  the  il- 
lumination is  so  intense 
that  its  glow  can  be  seen 
for  many  squares  and 
the  effect  is  that  of  a  bis, 
fire.  It  is  said  that  there 
are  more  electric  lights 
used  upon  this  building 
than  any  other  mercan- 
tile building  in  the 
world,  and  no  other 
building  carries  a  sim- 
ilar advertisement. 


X-RAY  BURNS. 


Accounts  frequently  appear  of  some 
person  being  more  or  less  severely 
burned  by  the  X-ray.  It  is  true  that  the 
X-ray,  like  every  powerful  force,  is  cap- 
able of  doing  harm  as  well  as  good,  and 
should  therefore  only  be  used  by  those 
who  understand  it  thoroughly.  It  is, 
however,  purely  and  simply  a  question 
of  dosage.  Take  strychnine  or  arsenic, 
both  of  which  are  powerful  poisons,  and 
yet  both  are  used  extensively  in  medi- 
cines, there  probablv  being  no  tonic 
much  more  commonly  employed  than  a 
combination  of  iron,  arsenic  and  strych- 
nine. The  fact  that  it  contains  two 
poisons  does  not  interfere  with  its  use, 
because  they  are  not  used  in  poisonous 
doses. 

An  investigation  of  the  records  of 
various  experts  shows  that  in  using  the 
X-ray  for  diagnostic  purposes,  a  burn 
only  occurs  on  an  average  of  once  in 
5,000  exposures,  and  then  not  neces- 
sarily a  severe  burn.  In  treatment  a 
burn  is  rarely  produced  bv  a  competent 
operator,  unless  intentionally,  as  in  some 
malignant  cases.  The  so-called  X-ray 
burn    is   really   an    inflammatory    condi- 


tion of  the  skin  or  other  tissues  set  up 
by  the  ray. 

When  the  skin  has  received  a  full  dose 
of  the  ray  it  becomes  reddened,  itches 
and  may  show  some  tanning,  as  from 
sunburn.  This,  if  left  alone,  soon  dis- 
appears and  merely  shows  the  physician 
that  he  has  administered  a  full  dose  of 
the  ray  and  tells  him  to  wait  until  its 
effects  subside.  Carried  beyond  this 
point  it  may  cause  blisters,  tiny,  warty 
lumps,  painful  and  slow-healing  ulcers 
and  even  complete  destruction  of  skin. 

The  ray  does  this  by  first  increasing 
the  growth  of  the  various  cells  making 
up  the  skin  and  other  tissues :  finally 
causing  their  death  from  over-stimula- 
tion. In  the  case  of  deep  and  severe 
burns  the  arteries  supplying  the  area 
with  blood  are  gradually  decreased  in 
size,  through  increase  in  the  cells  lining 
their  inner  walls,  until  finally  an  insuffi- 
cient amount  of  blood  is  carried  to  nour- 
ish the  parts,  and  they  die  of  starvation 

These  conditions  are  now  very  rare. 
as  the  dosage  of  the  ray  is  much  better 
known  than  a  few  years  ago.  and  burns 
of  this  kind  are  either  the  result  of  ignor- 
ance or  carelessness. 


ELECTRICITY  IN  MEDICINE. 

EY    OTTO    JUETINER,    M.    D.,    PH.    D. 

PART   IV. 


A  form  of  electrical  energy  which  has 
risen  to  a  plane  of  great  practical  im- 
portance in  the  practice  of  electrotherapy 
is  the  so-called  "high  frequency"  cur- 
rent. We  have  previously  seen  that  a 
current  which  reverses  the  direction  of 
its  flow  is  known  as  an  "alternating" 
current.  The  speed  wTith  which  these 
changes  of  direction  recur  is  the  "fre- 
quency" of  the  current.  If  the  speed  of 
change  or  alternation  is  very 
high,  say  one  hundred  thou- 
sand or  more  per  second,  it  is 
called  a  "current  of  high  fre- 
quency" or  a  "high  frequency 
current." 

Fig.  12  illustrates  the  phys- 
ical principles  underlying  the 
production  of  currents  of 
high  frequency. 

The  illustration  shows  two 
Leyden  jars  standing  on  the 
shelf    of    a     static     machine. 
Above  them  we  see  the  slid- 
ing   or     horizontal     rods  be- 
tween    which      the     primary 
spark    discharge    takes    place. 
(G)  is  the  spark-gap.     Below 
the  jars  we  see  a  coil  of  wire 
(solenoid)    which  is  connect- 
ed  with   the   outer  armatures 
of  the   jars.     The  moment  a 
spark   jumps   across   the   pri- 
mary   spark-gap    (G),   a   corresponding 
wave  of  electrical  energy  surges  through 
the     solenoid.     It     emanates     from     the 
outer     armatures     where     it     is     gener- 
ated by   induction.     This   process   of   in- 
duction   was    considered    in    Part    III. 
The  discharge  between  the  primary  ter- 
minals is   not  a   continuous  flow  but  is 
oscillatory  in   character,   each  oscillation 
corresponding  to  an  alternation  and  co- 
incident   with    an    increase    in    pressure 
(voltage)    and    necessarily   a   change   in 
the    direction    of   the   current.      The   in- 
duced current  which  surges  through  the 
solenoid   is   likewise    alternating  and    of 
still  higher  voltage. 

It  will  be  noticed  that  the  solenoid 
shown  in  the  illustration  is  divided  into 
three  segments.     From  the  extreme  end 


where  the  wire  (B)  is  attached,  to  the 
place  where  the  Leyden  jar  (to  the  left) 
is  connected,  we  get  one  segment  (about 
one-third)  of  the  solenoid.  Likewise, 
from  the  other  end  where  the  wire  (A) 
is  attached,  to  the  place  where  the  Ley- 
den jar  on  the  right  is.  connected,  we  get 
a  segment.  The  remaining  middle  por- 
tion forms  the  third  segment.  The  man- 
ner of  wiring,  shown  in  the  illustration, 
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FIG.  12.  DIAGRAM  OF  HIGH  FREQUENCY  APPARATUS. 

illustrates  the  generation  of  so-called 
"shunt-currents"  (one  from  each  other 
segment  of  the  solenoid).  The  meaning 
of  "shunt"  is  explained  in  a  previous  les- 
son. The  current  surging  through  or 
oscillating  in  the  solenoid  is  one  of  high 
frequency.     If  the  two  wires    (B)    and 

(A)  were  attached  to  the  terminals  of 
an  incandescent  globe  of  suitable  size, 
the  lamp  would  light  up.  If  we  were  to 
substitute  two  persons  for  the  two  wires 

(B)  and  (A)  and  place  the  lamp  be- 
tween them,  it  would  light  up  while  the 
two  persons  would  hardly  feel  any  sen- 
sation at  all.  This  brings  us  to  the  sub- 
ject of  amperage  of  currents  of  high 
frequency. 

The   rate   at   which   a   current  of  this 
kind  flows  is,  of  course,  very  rapid.    'We 
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FIG.  13.  HIGH  FREQUENCY  SOLENOID 

know  from  a  previous  lesson  that  an  am- 
pere is  a  coulomb  of  electricity  passing- 
through  a  conductor  in  one  second  of 
time.  Suppose  we  raise  the  pressure  of 
the  current  sufficiently  to  ■  force  a  cou- 
lomb through  a  conductor  in  the  tenth 
part  of  a  second,  it  is  plain  that  the 
quantity  of  electricity  passing  in  one  sec- 
ond must  be  10  times  as  much  or  10  am- 
peres. Suppose  we  raise  the  pressure  so 
as  to  force  a  coulomb  through  a  con- 
ductor in  the  hundredth  part  of  a  sec- 
ond, it  stands  to  reason  that  ioo  amperes 
would  pass  through  the  conductor  in  one 
second.  Owing  to  the  fact  that  the  fre- 
quency of  alternation  is  very  high,  the 
human  body  in  its  tissues,  particularly  in 
its  sensory  nerves,  does  not  respond  to 
the  rapidly  oscillating  current.  If  the 
current  were  not  alternating  but  con- 
stant, it  would  be  a  most  dangerous  cur- 
rent to  handle.  The  higher  the  fre- 
quency of  alternation,  the  safer  the  cur- 
rent. This  fact  explains  the  physical 
feasibility  of  the  wonderful  experiments 
performed  with  these  high  frequency 
currents.  These  experiments  have  been 
made  on  the  vaudeville  stage  much  to 
the  amazement  of  people  who  are  not 
familiar  with  the  physics  of  electricity, 
and  imagine  that  the  man  who  touches 
an  electric  light  globe  and  lights  it  up, 
must  possess  some  supernatural  power. 

In  a  previous  lesson  we  have  consid- 
ered   the    subject    of    induction.      What 


we  learned  at  that  time  will 
help  us  to  understand  another 
remarkable    feature    of    high 
frequency.      In    the    ordinary 
faradic  induction-coil  the  volt- 
age of  the  secondary  current 
depends    on    the     number     of 
turns  in  the  primary  wire  and 
on  the  frequency  of  the  inter- 
ruptions of  the  current  in  the 
primary  coil.  Every  interrup- 
tion,  it   will   be   remembered, 
is    coincident    with    a    change 
in  the  direction  of  the  current. 
Let  us  suppose  that  an  alter- 
nating current  of  two  amperes 
and  a   frequency  of  one  mil- 
lion alternations  is  oscillating 
in  a  primary  wire  consisting 
of  two,  three  or  four  convolu- 
tions of  wire.     Let  us  place  a 
solenoid      in      the      magnetic 
field     of      this     primary     wire.      What 
kind    of   an    induced    current    would    be 
generated   in   the   solenoid  ?    The   effect 
would  be  precisely  the  same  if  two  hun- 
dred   amperes     were    circulating    in    a 
primary  wire  of  two  hundred   convolu- 
tions with  a  frequency  of  one  hundred 
alternations.    The  induction  effect  on  the 


FIG.    14,     OUDIN'S    RESONATOR. 
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solenoid  depends  on  the  product  of  the 
amperage  and  frequency  in  the  primary 
We  are  now  prepared  to  under- 


wire. 


stand  why  an  incandescent  lamp  of  suit- 


FIG.    15.     HIGH    FREQUENCY    ELECTRODES. 

able  size  will  light  up  if  it  is  brought  in 
the  magnetic  field  of  a  high  frequency 
current.  Fig.  13  shows  the  practical  ap- 
plication of  this  principle.     The  solenoid 


explain  this  phenomenon  of  co-vibration 
or  resonance  by  saying  that  the  two 
strings  must  correspond  to  each  other  in 
thickness  and  length,  or  that  one  string, 
in  length  and  thickness,  be  a  simple 
fraction  or  a  multiple  of  the  other.  Elec- 
tricians have  borrowed  this  concept  of 
resonance  from  acoustics  to  express  a 
very  similar  electrical  phenomenon.  The 
waves  of  electricity  which  emanate  from 
a  circuit  of  high  frequency  are  capable  of 
setting  up  an  analogous  electrical  mani- 
festation in  another  circuit,  provided 
there  is  a  distinct  physical  relation  be- 
tween the  two  circuits.  The  instrument 
by  which  these  electrical  resonance  ef- 
fects are  produced  is  one  of  the  best- 
known  devices  for  the  generation  of  high 
frequency  currents  and  is  called  a  reson- 
ator. Dr.  Oudin,  of  Paris,  constructed  a 
very  practical  type  of  this  instrument.  It 
is  called  Oudin's  Resonator  and  is  shown 
in  Fig.  14. 

High  frequency  currents  are  applied 
either  by  means  of  specially  constructed 
electrodes  or  by  putting  the  patient's 
body  in  the  magnetic  field  of  the  cur- 
rent.    Electrodes   are  made  of  glass   of 


FIG.    16.     AUTO-CONDUCTION    CAGE. 


is  ill  the  magnetic  field  of  a  few  turns  of 
primary  wire  carrying  a  high  frequency 
current. 

There  is  still  another  remarkable  phys- 
ical property  which  high  frequency  cur- 
rents possess.  We  know  that  a  string  of 
proper  length  and  thickness  will  vibrate 
in  sympathy  with  some  other  string 
which  has  been  set  in  motion.     Phvsicists 


various  snapes  and  sizes.  The  glass  con- 
tains a  space  which  is  partially  exhausted 
so  that  the  interior  represents  a  relative 
vacuum.  The  electrode  is  connected 
with  the  high  frequency  instrument  by 
means  of  a  wire.  The  interior  of  the 
electrode  lights  up  with  a  bluish  or 
purplish  glow.  The  surface  of  the  elec- 
trode is  placed  on  or  against  the  patient's 
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skin.  Sometimes  metal  electrodes  are 
used.  Condensing  electrodes  are  also 
employed.  They  are  made  of  hollow 
glass,  filled  with  pulverized  graphite 
and  having  an  inner  coating  of  tin  foil. 
Fig.  15  shows  different  kinds  of  high 
frequency  electrodes. 

For  the  purpose  of  putting  the  pa- 
tient's body  in  the  magnetic  field  of  a 
circuit,  different  apparatus  and  devices 
are  used.  A  solenoid  of  immense  size 
may  be  placed  in  the  circuit  of  the  outer 
armatures  of  two  Leyden  jars,  the  pa- 
tient   lying,    sitting    or    standing    in   the 


FIG.    17.     AUTO-CONDENSATION  COUCH. 

solenoid  which  may  be  in  an  upright  or 
horizontal  position.  The  auto-conduc- 
tion cage,  sometimes  called  "diasolenic 
cylinder,"  is  shown  in  Fig,  16. 

Another  very  useful  device  is  the  so- 
called  "auto-condensation  couch."  A 
metal  plate  is  placed  upon  the  couch  and, 
by  means  of  a  wire,  connected  with  one 
terminal  of  a  solenoid  which  is  inter- 
posed between  the  outer  armatures  of 
two  Leyden  jars.  The  other  terminal  of 
the  solenoid  carries  a  wire  which  con- 
nects with  a  metal  handle  in  the  hand  of 
the  patient  who  lies  down  on  the  couch. 
This  device  is  similar  to  the  so-called 
"electromagnetic  couch,"  which  consists 
of  a  couch  within  which  a  number  of 
large  electromagnets  are  hidden.  These 
magnets  are  in  the  circuit  of  an  alternat- 
ing current  and  cause  a  powerful  electro- 
magnetic field  in  and  around  the  patient 
who  reclines  on  the  lounge.  The  ar- 
rangement is  shown  in  Fig.  18. 
(To  be  continued.) 


THE    EARLY    HISTORY     OF    THE    TELE- 
GRAPH. 

The  first  account  of  a  practicable 
working  electric  telegraph,  described  in 
English,  is  in  Arthur  Young's  "Travels 
in  France."  Young,  while  a  guest  of  the 
Duke  of  Liancourt  in  France,  in  1787, 
visited  a  famous  mechanical  engineer  at 
Clermont,  who  exhibited  an  electric  tele- 
graph capable  of  transmitting,  by  means 
of  electrified  wires  and  suitable  instru- 
ments, messages  to  long  or  short  dis- 
tances. Franklin,  and  his  successor  as 
American  minister,  Jefferson,  saw  the 
same  apparatus  and  described  it 
in  their  journals. 

Among  other  passages  in 
Young's  copy  of  his  writings, 
presented  to  George  Washing- 
ton by  the  author,  that  the  Fath- 
er of  His  Country  marked  with 
approving  marks  in  the  margin, 
is  the  account  of  the  telegraph. 
The  comment  was:  "I  judge 
this  to  be  of  prime  use  for  army 
purposes." 

Joseph  Bonaparte,  brother  of 
Napoleon  the  Great,  when  resid- 
ing at  Bordentown,  N.  J.,  had  a 
telegraphic  apparatus  made  by 
the  engineer  seen  by  Young  at 
Clermont. 

Edward  Everett,  in  welcom- 
ing General  Lafayette  to  Harvard  Col- 
lege, on  his  last  visit  to  America  in  1824, 
predicted  that  within  a  few  years  all  the 
commercial  communities  of  civilized 
lands  would  be  "tied  together  by  an  elec- 
tric cord."  This  oration  was  spoken 
seven  years  before  Professor  Henry  be- 
gan his  experiments  in  telegraphy. 

The  great  value  of  Henry's  work  to 
early  telegraphy  has  not  been  properly 
recognized  in  the  histories  of  the  indus- 
try. In  the  later  years  of  Henry's  life, 
there  was  more  of  his  work  applied  to 
telegraphy  than  was  in  use  from  the 
work  of  Morse.  The  first  work  on  elec- 
trical experiments  that  turned  Henry's 
thoughts  to  telegraphy  was  a  memoir  of 
Abbott  Gordon,  a  Scotch  Benedictine, 
who  as  professor  of  philosophy  at  Er- 
furt. Germany,  in  1735,  devised  an  elec- 
tric signalling  system  by  wire  transmis- 
sion for  several  miles.  He  abandoned  his 
experiments  because  so  many  birds  were 
killed  by  alighting  on  the  wires. 


ELECTRICITY  ON  THE  FARM. 


Naturally  enough,  it  is  often  sup- 
posed that  the  convenience  of  cooking, 
heating  and  lighting  by  electricity  can  be 
enjoyed  only  by  those  who  live  in  or 
near  cities  or  large  towns  within  reach 
of  the  electric  light  company's  lines.  This 
is  an  erroneous  idea,  for  electricity  can 
be  generated  on  any  premises.  For  the 
benefit  of  readers  of  Popular  Electric- 
ity who  live  in  rural  districts  some  facts 
regarding  such  equipments  will  be  given. 
The  facts  were  obtained  bv  observation 


power  developed  by  the  windmill  is  limit- 
ed and  of  a  variable  quantity.  The  farm 
dog  can  do  the  churning,  but  his  tread- 
mill power  would  not  be  sufficient  for 
electric  generating  purposes.  A  team 
of  farm  horses  could  develop  perhaps 
the  necessary  power  in  the  same  manner, 
but  this  method  is  not  very  practical. 
However,  many  farmers  in  the  AYest 
who  have  their  own  threshing  machines 
can  easily  belt  an  electric  generator  to 
the   traction    or    stationary    engine    flv 


THRESHING    BY    ELECTRIC     LIGHT. 


of  several  isolated  installations,  two  or 
three  of  which  are  extremely  unique  in 
character. 

On  many  farms  will  be  found  a 
spring-fed  stream  which  if  dammed  up 
will  furnish  energy  enough  to  turn  a 
water  wheel  or  turbine  of  sufficient  pow- 
er to  operate  a  dynamo  which  will  gen- 
erate the  electricity  necessary  for  all 
purposes.  Or  the  farmer  may  operate 
an  electric  generator  from  windmill  pow- 
er to  charge  storage  batteries.  While 
this  latter  method  is  possible,  the  service 
is  not  very  satisfactory,  because  the  wind 
does  not  blow  all  of  the  time,  and  the 


wheel  and  generate  the  electric  current 
necessary  for  use  in  the  house,  barns  and 
yard.  Usually  these  engines  are  idle  II 
months  of  the  year.  Why  not  let  them 
wear  out  instead  of  rust  out  ? 

Another  method  available  in  many  lo- 
calities, especially  in  the  Xorthwest.  is  to 
use  the  flow  of  water  from  an  artesian 
well  to  run  a  water  motor,  this  in  turn 
operating  the  dynamo.  An  actual  in- 
stallation of  this  kind  is  in  successful  op- 
eration in  South  Dakota.  Should  it  hap- 
pen that  the  regular  city  water  supply 
is  available,  the  same  purpose  is  served 
except  that  the  power  would  probably  be 


POPULAR    ELECTRICITY 


217 


considerably  less  than  in  the  case  of  the 
well. 

In  many  parts  of  the  country  natural 
gas  is  obtainable,  and,  with  the  exception 
of  steam  where  economically  available, 
the  most  practical  method  for  obtaining 


engine  powerful  enough  to  carry  six  or 
eight  people  over  country  roads  at  a 
high  rate  of  speed.  Install  practically 
the  same  engine  directly  connected  or 
belted  to  a  dynamo  in  a  country  power 
house   (a  building  10  by  6  by  6  feet,  is 


BEET  AND  TURNIP  CHOPPER. 

power  for  operating  electric  generating 
machinery  for  this  class  of  isolated  plant 
is  through  use  of  the  gas  engine  using 
natural     gas.     Artificial     gas,     distillate, 


MOTOR  DRIVEN   PUMP  FOR  IRRIGATING. 

large  enough),  and  the  house,  barns  and 
yards  may  be  lighted,  the  water  pumped 
for  the  house  and  irrigating  purposes, 
the  churning,  washing  and  ironing,  cook- 


electrically  DRIVEN   CREAM    SEPARATOR. 


alcohol,    gasoline,    fuel    oil    or    kerosene 
are   also   available   for   power   purposes. 
Everyone   is   familiar   with   the   auto- 
mobile   that   is    operated    by    a   gasoline 


ing  and  baking  and  most  of  the  house- 
work done,  all  by  electricity  at  the  touch 
of  the  button.  The  electric  fan  and  sew- 
ing machine  motor  then  have  a  place  in 
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MOTOR  SHED  BY  THE  BARN. 

the  farm  home,  and  in  the  barn  one  or 
more  electric  motors  will  run  the  corn 
husker,  grinder,  cob  crusher, .  beet  and 
turnip  cutter,  fodder  and  hay  cutter, 
grain  elevator,  hay  fork,  wood  saw  and 
grindstone  at  a  verv  small  cost.     It  mav 


One  Illinois  farmer  who  installed  a 
motor  four  and  a  half  years  ago  saws 
the  wood,  runs  the  grindstone  and  oper- 
ates other  farm  tools  besides  doing  the 
necessary  work  to  feed  65  head  of  cattle, 
at  an  average  cost  of  but  $5.00  per 
month  where  he  buys  the  current  from 
a  nearby  interurban  electric  company. 
He  also  says  that  he  can  crush  and  grind 


GRINDER    FOR    BONES    AND    FERTILIZERS. 

50  bushels  of  corn  in  35  minutes.  An- 
other farmer  who  does  about  the  same 
amount  of  grinding  and  sawing,  states 
that  the  highest  bill  for  purchase  of 
current  amounted  to  $7.00  per  month.  All 
are  enthusiastic  over  motor  driven  farm 
tools  and  would  not  be  without  them  at 


THRESHING    MACHINE. 


CUTTING    FODDER    BY   MOTOR    POWER. 


be  that  an  interurban  railway  runs  close 
enough  so  that  the  electric  power  can  be 
purchased  to  operate  the  motors  without 
necessitating    the    engine    and    dynamo. 


twice  the  cost.  Where  there  is  a  gas 
well  on  the  farm  the  cost  of  generating 
the  electric  current  is  practically  nothing 
and  the  cost  of  operating  gasoline  engine 
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generating  sets,  long  practice  has  shown 
to  be  very  small. 

The  kerosene  oil  generating  sets  arc 
perhaps  the  most  practical  for  use  on 
the  farm  where  electricity  cannot  be 
purchased  from  a  lighting  or  railway 
company.  Long  experience  demonstrates 
that  electric  current  can  be  generated 
economically  in  this  way.  The  engines 
need  very  little  attention,  and  after  being- 
started  up  in  the  morning  with  the  fuel 
tank  full  of  oil  will  run  until  time  to 
shut  down.  They  are  made  to  be  con- 
nected direct  or  by  belts  to  the  electric 
generators,  and  with  an  installation  of 
this  kind  the  electric  'current  may  be 
carried  by  two  wires  to  the  motor  or 
motors  wherever  located.  Or  it  may  be 
transported  about  the  barn  or  farm,  and 
the  yards,  house  and  outbuildings  may  be 
lighted  at  night  by  a  turn  of  the  switch. 


ELECTRIC    HOUSE    PUMP. 

The  heated  kitchen  where  the  work  i.^ 
never  finished  will  some  day  vanish,  and 
the  wood  box  and  coal  scuttle  will  be 
seen  no  more. 

Running  water  may  be  had  through- 


THE   FARM    KITCHEN   ELECTRIFIED. 


Electric  griddle  cake  bakers,  frying 
pans,  double  boilers,  pots,  kettles  and 
ovens  for  doing  all  the  cooking  and  bak- 
ing now  have  an  exalted  place  in  the 
Twentieth  Century  country  kitchen. 


out  the  house,  for  an  electric  motor  driv- 
en house  pump  can  be  used  to  pump 
water  up  into  a  supply  tank.  Or  it  may 
be  made  to  feed  directly  into  supply 
pipes,  and  the  pressure  automatically  reg- 
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ulated  as  water  is  drawn.  Then  at  the 
sink,  wash  bowl  and  bath  tub  an  electric 
instantaneous  flow  water  heater  may  be 
located.  A  turn  of  the  faucet  handle  to- 
ward "Cold''  gives  cold  water,  toward 
"Hot"  in  about  ten  seconds  will  give 
boiling  water  wholesome  to  use  for  cook- 
ing purposes.  Then  there  is  the  coffee 
percolator  to  make  coffee  at  the  table 
and  the  chafing  dish  as  well  when  de- 
sired. 

By  picturing  this  Twentieth  Century 
home  on  the  farm,  it  is  not  intended  that 
country  life  be  robbed  of  that  beauty  and 
unique  simplicity  that  marks  it  so  dis- 
tinctly from  the  rush  and  glamour  of  city 
life.  Not  so !  These  mystic  touches  of 
electricity  only  help  to  make  it  more  at- 
tractive. The  cleaning  of  lamp  chim- 
neys and  danger  from  use  of  lamps  is  a 
thing  of  the  past  with  the  advent  of  elec- 
tric light.  Lighted  grounds  are  possible 
now  for  the  lawn  party.  Dangers  of  fire 
from  the  overturned  lantern  have  disap- 
peared, for  now  the  barn  may  be  safely 
illuminated.  Anyone  who  has  groped 
about  in  the  dark  in  cellar  or  garret  can 
appreciate  the  conveniently  placed  elec- 
tric light  or  the  portable  drop  light.  It 
may  save  a  bad  fall  or  broken  limb  by 
lighting  the  cellar-way,  spring  or  well 
house,  back  steps  or  stairs.  The  day  has 
passed  then  that  makes  moving  to  the 
city  a  necessity  to  enjoy  modern  con- 
veniences. 

Many  will  see  at  once  the  best  and 
cheapest  method  of  getting  these  results 
with  the  means  at  hand.  These  comforts 
are  within  the  reach  of  nearly  all.  In 
many  cases  the  cost  of  maintenance  will 
be  practically  nothing,  the  first  cost  for 
equipment  being  all.  In  other  cases, 
such  as  with  the  use  of  gasoline  or  oil 
engine  sets,  experience  has  shown  the 
maintenance  cost  to  be  very  low.  It 
would  probably  be  advisable  to  install  12 
or  15  horsepower  oil  or  gasoline  engines. 
Engines  of  this  capacity  are  efficiently 
operated  at  full  load  with  a  consumption, 
in  the  case  of  the  kerosene  engine,  of  one 
pint  of  oil  per  horsepower  per  hour.  For 
smaller  installations,  there  are  on  the 
market  four  and  six  horsepower  engines 
with  an  oil  consumption  at  full  load  of 
about  one  quart  of  oil  per  horsepower 
per  hour.  Smaller  installation  than  this 
would  hardly  be  advisable. 


ELECTRICITY  VS.  THE  SMOKE  NUISANCE 

As  a  result  of  the  smoke  nuisance  in 
Chicago  it  becomes  necessary  to  give 
some  of  the  great  office  buildings  baths 
at  frequent  intervals — thorough  scrub- 
bmgs  from  cornice  to  sidewalk.  Many 
of  the  finest  structures  have  facings  of 
white  terra  cotta  or  glazed  brick,  which 
in  a  few  months  become  so  grimy  and 
blackened  as  to  closely  resemble  the 
buildings   of  brick.     The   accompanying 


GIVING'  AN  OFFICE  BUILDING  A  BATH. 

picture    shows    a-  large   building    during 
the  process  of  cleansing. 

But  why  does  this  become  necessary? 
Simply  because  people  are  not  as  yet 
fully  educated  up  to  the  electric  central 
station  idea.  The  ideal  conditions,  wThich 
will  no  doubt  be  realized  in  time,  are 
these:  Large  electric  power  generating 
plants,  situated  in  the  outlying  districts 
where  smoke  is  not  a  nuisance,  and  pro- 
ducing electric  current  at  high  voltage ; 
transmission  lines  carrying  this  current 
to  numerous  points  within  the  city;  sub- 
stations  at   these   points    for   converting 
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this  current  to  current  of  low  pressure 
available  for  all  industrial  power  pur- 
poses, including  the  electrical  operation 
of  all  trains  on  steam  roads  entering  the 
city. 

The  Commonwealth  Edison  Co.  of 
Chicago  is  working  earnestly  toward  the 
realization  of  this  ideal  condition.  The 
great  Fisk  street  generating  plant  is  an 
example  of  the  outlying  generating  sta- 
tion, and  from  it  current  is  transmitted 
at  high  voltage  to  numerous  substations 
where  it  is  made  available  to  everyone. 
But  still  there  are  those  who  will  cling  to 
their  little  isolated  steam  plants  belching 
forth  black  smoke  at  a  thousand  stacks. 
The  steam  locomotive  continues  to  enter 
the  most  congested  portions  of  the  city. 
Consequently  property  owners  must 
scrub  their  buildings,  and  within  the 
"loop"  hundreds  of  thousands  of  dollars' 
worth  of  property  are  destroyed  every 
year  by  soot  which  fills  the  air  and  enters 
the  most  remote  nooks  and  corners. 

There  is  hardly  a  mechanical  process 
that  could  not  be  done  as  well  or  better 
by  electric  current  and  at  less  cost. 


ELECTRIC  TAILORS  GOOSE. 

Inconvenience  incident  to  the  use  of 
the  old  style  gas  heated  tailor's  goose, 
which  radiates  heat  almost  as  fast  as  a 
good  sized  stove,  is  eliminated  by  the 
use  of  the  electrically  heated  goose 
which  is  shown  in  the  cut  herewith. 

The  heating  element  is  a  thin  steel 
grid,  arranged  to  distribute  the  heat 
evenly  over  the  entire  working  surface 
of  the  iron.  This  grid  is  heremetically 
sealed  within  a  fireproof  dielectric  of 
good  thermal  conductivity,  and  is  held 
between  two  solid  iron  blocks,  one  of 
which  forms  the  working  surface  of  the 
iron,  the  other  immediately  above  it, 
serving  as  a  heat  reservoir  or  thermal 
equalizer,  by  which  the  constant  input  of 
heat  from  the  heating'  element  is  stored 
up  and  given  out  to  suit  the  irregular 
demands  of  the  work.  These  two  por- 
tions of  the  iron  are  solidly  secured  to- 
gether and  in  effect  form  a  solid  mass, 
which  is  separated  from  the  top  of  the 
iron  by  means  of  an  air  space  which 
forms  an  effective  heat  insulator. 
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ELECTRIC     TAILOR'S     GOOSE. 


MAN  POWER  DYNAMO  EQUIPMENT. 

A  novel  dynamo  equipment  for  use 
with  military  wireless  telegraph  outfits, 
consists  of  a  small  dvnamo  mounted  on 


MAN    POWER   DYNAMO    EQUIPMENT. 

a  bicycle  frame  and  connected  to  the 
sprocket  wheel  as  shown.  A  secure 
foundation  is  obtained  by  use  of  the 
pointed  caulks  on  the  feet  of  the  frame. 
As  the  operator  pedals  his  machine  the 
heavy  flywheel  acts  as  a  governor  to  give 
the  dynamo  a  fairly  uniform  speed  of  ro- 
tation. When  a  message  has  been  sent  it 
is  but  the  work  of  a  moment  to  discon- 
nect the  dvnamo  from  the  wireless  out- 
fit and  prepare  for  transportation  to  an- 
other part  of  the  field. 


ELECTRICAL  "WIZARDS"  OF  THE  PAST, 


BY  W.  G.  PEARCE. 


Magazines,  popular  reviews  and  sen- 
sational newspapers  of  30  years  ago 
abounded  with  allusions  to  "wizards," 
"magicians"  and  "miraculous  mechan- 
ics" in  the  new  field  of  electrical  engi- 
neering. The  "wizards"  and  the  "ma- 
gicians" were  much  given  to  prophecy 
about  the  condition  of  electrical  pursuits 
at  the  opening  of  the  Twentieth  Cen- 
tury. "The  steam  locomotive  would  be  on 
the  scrap  heap  by  that  time" ;  "intensive 
farming  by  aid  of  the  electric  light  shed- 
ding its  plant  stimulating  rays  on  fields 
would  double  the  crops  and  make  the 
farmer  envied  by  other  sons  of  toil." 
"Electric  plows,  harvesters,  binders, 
reapers,  and  mowers  would  be  every- 
where in  use" ;  "crime  in  cities  would  be 
reduced  one-half  by  the  plentiful  use  of 
electric  lights."  Animal  traction  was  to 
vanish.  "Ships  propelled  by  electricity 
would  be  on  every  sea"  ;  "steam  engines 
in  factories  would  be  few."  "The  few 
gas-making  plants  that  would  exist  in 
1900  would  be  wholly  used  for  making 
fuel  gas,  but  as  an  illuminant  gas  would 
be  under  the  ban  of  boards  of  health." 
Matter  of  that  sort  was  a  part  of  the 
stock  in  trade  of  visionary  enthusiasts 
who  were  used  as  tools  by  sharpers  con- 
cerned in  the  flotation  of  electric  con- 
cerns created  only  for  the  purpose  of 
fleecing  unwary  investors. 

A  "wizard"  or  a  "magician"  was  as 
much  a  part  of  the  outfit  of  a  company 
of  the  above  sort  as  a  suite  of  richly  fur- 
nished offices  and  the  names  of  a  couple 
of  respectable  dummies  on  the  board  of 
directors.  Why?  Because  for  many 
years  traveling  shows  through  the  parts 
of  the  country  where  prejudices  against 
theaters  existed  made  much  of  men 
called  wizards  or  magicians  who  per- 
formed simple  tricks  of  ledgerdemain  be- 
fore respectable  people,  some  of  which 
required  the  use  of  electrical  machines. 
Those  wizards  generally  began  the  en- 
tertainment with  a  few  experiments  in 
electricity,  such  as  Franklin  exhibited  to 
his  friends.  Between  Franklin  and  Prof. 
Henry  there  was  a  long  gap  in  the  de- 
velopment of  electricity,  so  far  as  it  was 


known  by  the  people  who  attended  the 
popular  lyceum  lectures. 

There  was  one  very  popular  wizard 
40  to  60  years  ago  who  made  much  of 
popular  experiments  in  electricity,  and 
from  those  experiments  he  followed  with 
the  spinning  of  plates,  cooking  omelettes 
in  hats,  and  other  simple  tricks  that 
amused  the  people  the  country  over.  That 
wizard  was  Blitz.  A  number  of  his  de- 
scendants are  in  electrical  engineering  to- 
day. Blitz  was  the  first  exhibitor  of  an 
electric  railway  in  lyceums.  It  was  a  toy 
affair  actuated  by  a  battery. 

After  the  contest  in  Hampton  Roads 
between  the  "Monitor"  and  the  "Merri- 
mac,"  a  famous  wizard  of  the  time — 
Heller — toured  the  lyceums  with  a  rep- 
resentation of  that  affair  which  was 
wholly  manipulated  by  electricity.  The 
miniature  ships  were  moved  to  and  fro, 
the  guns  were  pushed  out  and  fired  and 
drawn  back  and  loaded  by  electricity. 
To  get  the  effect  of  lightning  on  the 
scene,  the  wizard  made  it  appear  that 
the  battle  was  fought  at  night,  and  he 
worked  the  flashes  of  lightning,  and  red, 
white  and  green  electric  light  signals 
from  Fortress  Monroe  in  great  shape. 
Three  automatons  followed  the  battle 
scene ;  Washington,  General  Jackson 
and  Abraham  Lincoln,  all  manipulated 
by  electrical  connections. 

During  the  same  period  Dr.  Colton 
had  long  experimented  with  electric  bat- 
tery cars  which  he  had  shown  before 
lyceums,  and  had  built*  an  electric  rail- 
way for  Barnum,  the  circus  man.  The 
track  was  laid  around  the  outside  of  the 
circus  ring.  The  midgets,  Gen.  Tom 
Thumb  and  his  wife,  and  Commodore 
Nutt  rode  in  the  little  car  that  traversed 
the  rails,  and  there  was  a  "wizard"  who 
with  incantations  and  flourishings  of  his 
wand  was  supposed  by  the  children  to 
be  the  animating  principle  of  the  rail- 
way. 

The  name  "wizard"  in  connection  with 
popular  electricity  had  become  well  es- 
tablished by  the  early  sixties.  All  the 
quack  dentists  who  pulled  teeth  by  means 
of  electricitv  called  themselves  wizards, 
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and  there  were  other  wizards  who  trav- 
eled about  with  electrical  machines  for 
treating  every  disease  suffered  by  men 
and  horses  and  kine.  It  was  in  this  way 
that  the  names  wizard  and  magician  be- 
came associated  in  the  popular  mind  with 
men  who  made  their  living  from  the  use 
of  electrical  machines. 

When  the  present  President  of  Har- 
vard University  was  first  spoken  of  as  a 
candidate  for  that  office  a  number  of  old- 
fogy  New  Englanders  who  thought  that 
no  man  not  in  holy  orders  should  be  a 
college  president,  spoke  and  wrote  of 
Dr.  Elliot  as  "the  wizard."  That  was  be- 
cause he  was  a  chemist,  and  had  a  good 
knowledge  of  engineering,  and  on  a  num- 
ber of  occasions  had  given  popular  ad- 
dresses on  the  subject  of  electricity. 
Thousands  of  well  educated  people  in 
New  England  at  that  time  considered 
that  the  choosing  of  Dr.  Elliot  as  presi- 
dent of  Harvard  was  as  outrageous  as 
if  the  Board  of  Overseers  had  chosen 
for  the  place  one  of  the  strolling  wiz- 
ards. So  strong  was  the  storm  that 
many  of  Dr.  Elliot's  friends  advised  him 
to  take  a  position  as  chemist  for  a  large 
cotton  mill  in  Lowell.  The  name  wizard 
was  applied  to  the  learned  president  of 
Harvard  by  some  o'f  the  old  fogies  until 
recent  years. 

The  name  "wizard"  was  often  applied 
to  early  graduates  of  Eastern  technical 
schools  who  embarked  in  electrical  pur- 
suits. One  of  these  was  the  late  Joshua 
L.  Chapin,  a  graduate  of  the  first  class 
from  the  Massachusetts  Institute  of 
Technology.  Chapin  was  the  first  man 
from  that  institution  who  embarked  in 
the  making  of  electric  light  and  power 
apparatus.  Before  engaging  in  that  busi- 
ness, he  had  spent  a  long  time  in  com- 
pany with  his  father  and  other  members 
of  the  family  in  traveling  through  the 
Holy  Land  and  Egypt.  On  returning 
home  and  engaging  in  the  electrical  en- 
gineering field,  Mr.  Chapin  often  gave 
for  charitable  purposes  a  lecture  on  Pal- 
estine, in  which  he  appeared  dressed  like 
a  Hebrew  of  two  thousand  years  ago. 
Sometimes  he  would  follow  that  lecture 
with  a  short  talk  on  the  then  new  arc 
lighting  method,  making  use  of  a  small 
dynamo  and  a  few  lamps  dispersed  about 
the  hall.  He  in  that  way  became  wide- 
Iv  known  as  the  "Wizard  of  Electricity." 


and  from  him  the  name  was  transferred 
by  George  Parsons  Lathrop  and  Julian 
Hawthorne  to  Thomas  Alva  Edison. 


ELECTRICITY    FROM    ARTISAN     POWER. 

There  is  a  farm  in  South  Dakota  called 
the  "Badger  Farm'"  where  the  owner  is 
very  progressive.  He  drove  a  well  980 
feet  deep  and  two  inches  in  diameter 
and  was  rewarded  by  a  flow  of  excellent 
soft  water  with  a  good  pressure.  He  has 
piped  the  wrater  into  the  house  and  also 
operates  a  five  horsepower  water  turbine 
which  runs  a  dynamo.     In  this  way  he 
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generates  electricity  to  cook  with,  light 
the  house,  barn  and  yard,  run  his  feci' 
mill,  grindstone,  fanning  mill,  grain  ele- 
vator (which  elevates  from  4.000  to  5,000 
bushels  a  day),  milk  separator,  washing 
machine  and  electric  iron.  He  keeps  a 
hose  attached  to  the  well,  so  that  on  an 
instant's  notice  he  can  throw  a  large 
stream  of  water  upon  the  house  or  barn 
in  case  of  fire,  to  say  nothing  of  keeping 
his  lawn  green  in  dry  weather  and  gar- 
den forced  to  full  production. 

This  farmer  is  not  wealthy,  but  he  is 
ingenious  and  resourceful. 


ELECTRIC  MILK  TESTING. 


One  of  the  most  important  dutiei 
which  boards  of  health  perform  in  large 
cities  is  the  testing  of  milk.  The  many 
dangers  surrounding  the  use  of  impure 
milk  are  well  known,  and  these  dangers 
are  caused  no  less  by  the  great  risk  of 
disease  germs  lodging  in  the  milk,  owing 
to  careless  handling,  than  to  the  ma- 
licious adulteration  of  this  important  item 
of  our  daily  food. 

The  testing  of  milk  is  not  a  simple 
matter,  or  rather,  was  not  a  simple  mat- 
ter, until  the  application  of  electricity  to 
this  work.  The  test  to  determine  amount 
of  fat  requires  the  employment  of  ether, 
which  must  be  heated  to  the  evaporation 
point.  Ether  being  a  very  explosive  ma- 
terial— more  so  even  than  gasoline — re- 


low  but  absolutely  uniform  heat,  which 
point,  as  will  be  seen  later,  is  of  the 
greatest  importance  in  these  tests. 

When  the  milk  inspectors  have  seized 
samples  from  milk  dealers — and  it  is  well 
to  note  that  the  inspectors  seem  always 
to  appear  on  the  premises  of  the  guilty 
milk  dealer  at  the  wrong  time — they  are 
taken  to  the  Department  of  Health's  lab- 
oratories for  testing.  A  small  roll  of  fil- 
ter paper  is  carefully  weighed  and  then 
immersed  in  a  sample  of  milk.  After 
have  absorbed  all  it  will  hold  without 
dripping,  this  paper  is  taken  out  and 
again  weighed,  so  that  the  chemist  knows 
exactly  what  quantity  of  milk  he  is  test- 
ing. The  roll  of  paper  soaked  in  milk  is 
then  placed  in  a  test  tube  which  is  placed 
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quires  very  careful  handling  in  boiling. 
It  is  impossible  to  employ  gas  for  this 
purpose,  and  the  use  of  steam  heat  re- 
quires constant  attention  upon  the  part 
of  the  operator. 

The  problem  was  solved  in  New  York 
City  by  having  constructed  special  Sim- 
plex electric  stoves,  each  3^  inches  in 
diameter  and  each  consuming  but  60 
watts.      These   stoves   give    a   somewhat 


in  a  glass  flask  over  the  electric  stove. 
Ether  is  put  into  the  flask,  and  the  cur- 
rent, controlled  by  simple  snap  switches, 
is  turned  on.  As  the  ether  heats  to  the 
boiling  point  its  vapor  goes  up  through 
a  chamber,  through  which  cold  water 
passes,  and  is  condensed  again  into  ether, 
which  drops  onto  the  milk-soaked  paper. 
When  the  inner  test  tube  is  filled,  an  au- 
tomatic device  permits  it  to  flow  Sack 
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into  the  flask,  taking  with  it  a  certain 
percentage  of  the  fat,  which  is  extracted 
from  the  milk. 

This  operation  must  be  repeated  sev- 
enteen times  within  the  space  of  one 
hour.  It  must  not  be  done  too  fast  or 
too  slow,  or  the  test  is  imperfect ;  that  is 
the  reason  why  only  an  electric  stove 
will  properly  perform  the  work.  The 
electric  stove  is  designed  to  produce  a 
given  amount  of  heat,  and  so  perfectly 
does  it  perform  this  work  that  no  atten- 
tion is  required  by  the  chemist  in  charge, 
other  than  to  see  that  the  switch  is  turned 
off  at  the  expiration  of  exactly  one  hour 
from  the  time  the  test  was  begun. 

The  picture  shows  the  Department  of 
Health  Laboratories'  Test  Room  in  New 
York  City,  in  which  24  electric  stoves  are 
constantly  in  use.  These  stoves  were  es- 
pecially made  for  the  work  in  hand,  and 
have  been  in  operation  for  ten  years,  giv- 
ing perfect  satisfaction  and  reducing  to 
the  minimum  this  class  of  chemical  in- 
vestigation, which  before  the  advent  of 
the  electric  heating  was  extremely  ardu- 
ous and  seldom  accurate  enough  to  meet 
the  present  scientific  requirements. 


ELECTRIC  SPRINKLING  CAR. 

Electric  street  car  sprinklers  are  or- 
dinarily used  only  by  the  car  companies 
to  sprinkle  the  width  of  their  own  road 
bed.     The   sprinkler   car  may,   however, 
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be  arranged  to  sprinkle  the  entire  width 
of  the  street,  and'  a  city  may  profitably 
arrange  with  the  traction  company  to 
sprinkle  those  streets  upon  which  there 
are   car   lines.     The   accompanying   pic- 


ture shows  a  type  of  sprinkler  which  is 
used  with  success  in  Syracuse,  X.  Y.  A 
long  arm  supporting  the  sprinkler  pipe 
extends  out  to  one  side  far  enough  to 
reach  the  curb.  This  arm  and  pipe  are 
mounted  on  a  swivel  so  that  they  may  be 
swung  back  against  the  side  of  the  car 
when  not  in  use,  and  to  clear  obstruc- 
tions. Two  men  are  required — one  mo- 
torman  and  one  to  operate  the  arm  and 
controlling  valve. 


SAN    FRANCISCO'S    WELCOME    TO     THE 
FLEET. 

Arrival  of  the  Atlantic  Fleet  at  San 
Francisco  was  the  occasion  of  a  great 
celebration.  Electricity  played  an  im- 
portant part  in  the  decorations  as  will  be 


ILLUMINATION   OF  THE  FERRY  BUILDING. 

seen  by  the  accompanying  picture,  which 
shows  the  San  Francisco  Ferry  Building 
as  it  was  illuminated.  The  tower  of  this 
building  was  outlined  with  electric  lights. 
and  on  the  Market  street  side  was  an 
immense  shield  worked  out  in  the  na- 
tional colors.  Other  buildings  and  the 
principal  streets  were  also  profusely  il- 
luminated, and  it  is  said  that  all  of  the 
electric  power  plants  of  the  city  were 
taxed  to  their  utmost  to  supply  the  neces- 
sary current  during  the  hours  that  the 
lights  were  burning. 


THE  FIRST  ELECTRIC  RAILWAY. 


At  the  Industrial  Exposition  in  Ber- 
Jin  in  1879  there  was  exhibited  the  first 
practical  electric  locomotive.  The  loco- 
motive and  its  passenger  coaches  were 
absurdly  small.  The  track  was  circular 
and  about  one  thousand  feet  in  length. 
This  diminutive  railway  was  facetiously 
referred  to  by  a  prominent  American 
magazine  as  "Siemens'  electrical  merry- 
go-round."  But  the  electrical  merry-go- 
round  aroused  great  interest  because  of 
the  possibilities  it  represented. 

The   current  was   generated  bv  a  dv- 


track  was  connected  to  one  pole  of  the 
dynamo  and  the  two  outer  rails  to  the 
other  pole.  A  small  trolley  wheel  made 
the  contact  with  the  third  rail.  Siemens 
was  asked  if  the  middle  rail  was  well 
insulated.  He  replied,  "It  is  insulated  in 
the  best  possible  way.  since  there  is  noth- 
ing metallic  connecting  it  with  the  outer 
rails.  When  the  locomotive  is  in  motion, 
its  metallic  parts  form  a  much  better 
conductor  than  the  moist  earth.  If  the 
connection  is  broken,  the  small  leakage 
current  which  flows  through  the  earth  is 
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namo  in  Machinery  Hall,  this  dynamo 
being  run  by  a  steam  engine.  An  ex- 
actly similar  dynamo  mounted  on  wheels 
formed  the  locomotive.  A  current  from 
either  dynamo  would  run  the  other  as  a 
motor.  Dr.  Siemens  pointed  out  that  if 
in  going  down  grade  the  locomotive 
armature  were  running  with  greater 
speed  than  that  of  the  stationary  dynamo, 
it  would  then  become  the  primary  ma- 
chine and  generate  an  opposing  current 
tending  to  reverse  the  motion  and  so  act 
as  a  brake. 

The  rails  served  to  conduct  the   cur- 
rent.    A  third  rail  in  the  middle  of  the 


not  sufficient  to  keep  the  dynamo  in  ac- 
tion. Its  magnetism  disappears  and  with- 
it  the  leakage  current." 

Dr.  Siemens  pointed  out  further  that 
his  machine  was  self-regulating.  With 
a  light  load  the  armature  of  the  motor 
revolved  rapidly,  generating  a  strong 
opposing  current  or,  as  we  should  now 
say,  counter  electromotive  force.  With 
a  heavy  load  the  motion  was  slow  and 
a  weak  opposing  current  was  generated 
in  the  motor. 

The  success  of  this  experiment  arous- 
ed great  interest,  not  only  in  Germany, 
but    throughout    Europe    and    America. 
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America's  greatest  inventor,  Edison, 
took  up  the  problem.  Edison,  no  doubt, 
had  in  mind  the  problem  of  electric  trac- 
tion before  the  report  of  the  German  in- 
vention reached  this  country,  but  the  ad- 
vantage in  point  of  time  must  be  con- 
ceded to  the  German  inventor.  The 
German  "electrical  merry-go-round"  was 
built  in  1879,  Edison's  experimental  rail- 
way in  1880.  In  1882,  Edison  built  an 
electric  railway  which  was  actually  used 
for  traffic,  but  in  this  he  was  beaten  by 
one  year  for  the  Berlin-Lichterfeld  line 
was   put   in  operation  in   1881. 

Edison  employed  only  the  two  rails  of 
the  track  as  conductors,  sending  the  cur- 
rent out  through  one  rail  and  back 
through  the  other.  Of  course,  this 
meant  that  the  wheels  must  be  insulated 
from  the  axles  so  that  the  current  could 
flow  from  one  rail  to  the  other  only 
through  the  motor  windings  or,  as  we 
should  now  say,  so  that  the  axle  would 
act  as  a  shunt. 

As  in  Siemens'  experiment,  the  motor 
was  of  the  same  construction  as  the 
dynamo.  The  rails  were  not  insulated 
and  it  was  found  that,  even  when  the 
track  was  wet,  the  loss  of  electric  cur- 
rent was  not  more  than  five  per  cent. 
Edison  found  that  he  could  realize  in 
his  motor  70  per  cent  of  the  power  ap- 
plied to  the  dynamo,  whereas  the  Ger- 
mans were  able  to  realize  only  60  per 
cent.  The  improvement  was  largely  due 
to  be  improved  winding.  Edison  was 
the  first  to  use  in  practical  work  the  com- 
pound wound  dynamo  for  maintaining 
a  constant  voltage  and  this  was  done  in 
connection  with  his  electric  railway. 

The  question  of  gearing  was  a  trouble- 
some one.  The  armature  shaft  of  the 
motor  was  at  first  connected  by  friction 
gearing  to  the  axle  of  two  wheels  of  the 
locomotive.  Later  a  belt  and  pXilleys 
were  used.  An  idler  pulley  was  used  to 
tighten  the  belt.  When  the  motor  was 
started  and  the  belt  quickly  tightened, 
the  armature  was  burned  out.  This 
happened  a  number  of  times.  Then  Mr. 
Edison  brought  out  from  the  laboratory 
a  number  of  resistance  boxes,  placed 
them  on  the  locomotive,  and  connected 
them  in  series  with  the  armature.  This 
solved  the  difficulty.  The-  locomotive 
would  be  started  with  these  resistance 
boxes  in  circuit,  and  after  reaching  full 


speed  the  operator  could  plug  the  vari- 
ous boxes  out  of  circuit  and  in  that  wax- 
increase  the  speed.  The  opposing  cur- 
rent then  generated  by  the  motor  would 
prevent  the  burning  out  of  the  armature. 
Finding  these  resistance  boxes  a  nui- 
sance, scattered  about  under  the  seat- 
and  on  the  platforms  as  they  were,  Mr. 
Edison  threw  them  aside  and  used  some 
coils  of  wire  wound  on  the  motor  field 
magnet  which  could  be  plugged  out  of 
the  circuit  in  the  same  way.     This  was 
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the  origin  of  the  controller  now  used  on 
street  cars. 

Knowing  that  the  news  of  the  little 
railway  in  the  Industrial  Exposition  in 
Berlin  had  been  noised  abroad,  and  hav- 
ing received  inquiries  from  all  parts  of 
the  world,  indicating  that  efforts  would 
be  made  in  other  countries  to  develop 
practical  electric  railways,  the  firm  oi 
Siemens  &  Halske  determined  to  build 
a  line  for  actual  traffic,  not  for  profit,  but 
that  Germany  might  have  the  honor  of 
building  the  first  practical  electric  rail- 
way. The  line  was  built  between  Berlin 
and  Lichterfeld.  a  distance  of  about  1 "  2 
miles.  A  horse  car  seating  twenty-six 
persons  was  pressed  into  service.  A 
motor  was  mounted  between  the  axles. 
A  central  station  dynamo  exactly  like  the 
motor  was  installed.  This  electric  line 
replaced  an  omnibus  line  and  was  imme- 
diately used  for  regular  traffic  and  thus 
the  electric  railway  was  launched  upon 
its  remarkable  career. 
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AN    ITALIAN    ELECTRIC   POWER  PLANT. 

Hydro-electric  power  plants  of  Italy 
are  recognized  as  among  the  best,  not 
only  from  the  standpoint  of  the  design 
of  the  electrical  equipment  but  also  from 
the  fact  that  the  beauty-loving  Italians 
pay  much  attention  to  beautiful  sur- 
roundings and  artistic  architectural  ef- 
fects in  the  building  of  their  plants. 

One  of  the  most  important  power 
transmission  plants  of  Lombardy  is  the 
Trezzo  hydro-electric  central  station 
which  may  even  be  said  to  be  one  of 


THE  ARC  LAMP  CRATER. 

As  everyone  knows,  an  arc  light  is 
formed  by  causing  an  electric  current  to 
pass  between  the  points  of  two  carbon 
rods.  One  of  these  is  called  the  positive 
and  the  other  the  negative  electrode,  and 
the  current  passes  from  the  former  to 
the  latter.  Particles  of  carbon  are  car-- 
ried  away  from  the  positive  electrode  un- 
til its  end  becomes  cup-shaped,  while  the 
negative  electrode  is  built  up  in  conical 
or  pointed  form.  The  positive  carbon  is 
made  the  upper  one  so  that  the  crater 
will  throw  the  rays  down- 
ward. 

Between  the  two  elec- 
trodes a  little  cloud  of 
vaporized    carbon    is  forrn- 


the  most  noteworthy  of 
all  those  installed  in 
Italy  in  the  course  of 
the  last  few  years.  This 
plant  shows  a  few  fea- 
tures distinguishing  it 
from  all  those  inaugu- 
rated in  recent  years, 
both  as  regards  the  ma- 
chinery and  the  richness 
and  grandeur  of  its  architecture.  The 
outside  view  of  the  power  house  repro- 
duced herewith  will  give  an  idea  of  the 
aspect  of  the  building,  constructed  ac- 
cording to  decorative  designs  by  Gaetano 
Moretti. 

The  lower  view  in  the  group  shows 
the  main  dynamo  room  in  this  power 
plant.  The  dynamos  are  of  the  vertical 
type — that  is,  their  shafts  are  vertical 
and  extend  down  to  the  vertical  water 
wheels  in  the  pits  below. 

Alternating  current  is  generated  by 
the  dynamos,  each  alternator  seen  in  the 
lower  illustration  being  capable  of  de- 
veloping 1,000  K.W.  or  about  1.300  H.P. 


ed;  and  this  vapor  gives  forth  a 
golden  yellow  light.  But  it  is  overpow- 
ered by  the  light  of  the  crater  itself, 
which  has  a  violet  tinge  due  to  the  in- 
candescence of  solid  particles  of  carbon. 
The  arc  of  light  extended  from  one  elec- 
trode to  the  other  also  has  an  avis  of  vio- 
let color,  which  is  its  most  brilliant  part, 
and  furnishes  the  most  light  of  any  part 
of  the  arc  outside  of  the  crater  itself. 

The  fact  that  most  of  the  luminosity 
comes  from  the  crater  explains  the  rea- 
son why  the  light  does  not  appear  equal 
in  all  directions.  It  is  the  brightest  from 
that  point  of  view  which  shows  the  larg- 
est portion  of  the  crater. 


WIRELESS  TELEGRAPHY  MADE  SIMPLE. 


BY  V.   H.   LAUGHTER. 

PART   IV. 

AERIAL  WIRES. 


In  previous  chapters  we  have  treated 
of  the  construction  of  a  wireless  tele- 
graph set,  the  transmitting  ends,  re- 
ceptors and  the  tuning.  The  erection  of 
aerials  will  now  be  taken  up  so  that  an 
exact  idea  may  be  had  of  all  the  parts 
involved  in  the  operation  of  a  wireless 
telegraph  set.  Standard  antenna  eleva- 
tion of  the  present  day  consists  of  a 
number  of  different  types  used  by  the 
different  systems.  The  De  Forest  "T" 
type  is  commonly  used  for  both  ship  and 
shore  work.  Aerials  of  the  adjustable 
loop    antenna    are    also    employed   by    a 


"U"  aerials  are  used  with  certain  re- 
ceiving circuits,  those  of  De  Forest  and 
Shoemaker.  For  ordinary  use  the  "T" 
or  inverted  "L"  aerial  is  adopted,  which 
offers  little  difficulty  in  construction. 

In  some  cases  the  aerial  arrangement 
can  be  suspended  from  the  roof  of  a 
house  with  wires  leading-  down  to  the 
instruments.  This  plan,  however;  is  not 
recommended  where  long  distance  work 
is  an  object,  as  it  is  best  for  a  station  in 
this  case  to  be  isolated  from  the  high 
buildings,  which  to  a  certain  extent  in- 
terfere with  the  operation  of  the  instru- 
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-umber  of  systems  where  special  selec- 
-ye  effects  are  desired.  One  of  the  main 
puints  m  aerial  elevation  is  to  have  a 
large  "air  contact,"  that  is,  a  large 
spread  of  wires  which  catch  the  waves 
and  conduct  them  down  to  the  receiving 
instrument. 

Types  of  aerials  may  come  under  the 
following  headings  :  ( I )  The  "T"  type ; 
(2)  the  single  ended  "L"  type;  (3)  the 
inverted  "U"  or  loop  type.  While  there 
are  a  number  of  other  kinds  of  aerials 
the  ones  named  are  generally  adopted. 
As    was   mentioned   above   the   inverted 


ments.  Considering,  however,  that  an 
aerial  for  experimental  purposes  is  de- 
sired, and  the  roof  of  a  building  is  to  be 
utilized  for  erecting  the  masts,  the  fol- 
lowing plan  may  be  followed. 

In  Fig.  22  is  shown  an  aerial  of  the 
double  ended  "T"  type.  In  this  ease, 
however,  the  ordinary  wire  aerial  is  re- 
placed by  a  wire  netting,  one  foot  wide, 
the  object  being  to  use  the  aerial  for  a 
wireless  telephone  as  well  as  telegraph 
work.  The  mast  for  supporting  the 
aerial  wires  is  first  erected.  The  type 
of  the  mast   to  use   will   depend  on   the 
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requirements.  For  ease  in  handling  a 
two-inch  iron  pipe  is  best,  that  is,  if  the 
height  does  not  exceed  12  or  15  feet 
above  the  top  of  the  building.  A  10-foot 
two-inch  pipe  may  be  used  for  the  first 
length  and  five- foot  one-inch  pipe  for  the 
second.  When  it  is  desired  to  erect  high 
masts  of  this  type,  conditions  arise  which 
make  the  work  very  difficult  and  it  is 
advisable  to  use  a  wood  mast,  although, 
for  a  height  of  15  feet,  the  iron  mast  is 
suitable  and  easily  handled. 

At  the  bottom  of  each  of  the  larger 
pipes  is  first  placed  an  inverted  V-shaped 
wood  base  which  holds  the  pipe  and  fits 
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over  the  roof.  The  pipe  can  be  fastened 
to  the  base  by  means  of  claws  and  screwrs. 
Before  erecting  the  pipes  place  in  the 
tops  of  each  a  wood  pin  with  high  ten- 
sion insulator  screwed  on.  The  pins 
should  make  tieht  fit  in  the  pipes.  A 
small  metal  pulley  is  now  suspended 
from  the  insulator  bv  means  of  a  well 


placed   on    each   and   guyed   to  the   two 
sides  and  back. 

The  aerial  arrangement  may  consist  of 
the  single  ended  "L"  or  double  ended 
"T"  type,  according  to  the  location  of  the 
operating  room,  the  difference  in  the  two 
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FIG.    24. 

types  lying  only  in  the  connecting  of  the 
wires  leading  from  the  instruments.  The 
"L"  type  will  be  described  which  can  be 
readily  changed  to  the  "T"  type  if  de- 
sired. 

Two  well  seasoned  oak  stringers,  two 
by  two  inches  and  24  inches  long,  are 
used  to   suspend  the  wires  between  the 
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oiled  seagrass  cord.  Through  the  pulley 
is  run  sufficient  bell  cord  to  draw  the 
aerial  wires  up  in  place.  In  order  to 
hold  the  masts  in  position  three  guys  are 


masts.  Beginning  at  the  end  of  the 
stringers  four  porcelain  knobs  are  tied 
on  by  means  of  seagrass  cord,  the  knobs 
having   an    approximate     play    of    four 
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inches.  If  the  distance  between  the  two 
masts  is  20  feet,  four  times  this  dis- 
tance or  80  feet  of  No.  14  bare  copper 
wire  is  needed.  The  wire  is  run  in  four 
lengths    from     stringer    to 


FIG.    26. 

shown  in  Fig.  23,  making  the  end  con- 
nections around  the  knobs  and  other  con- 
nections as  shown.  For  the  lead-in  to 
the  instruments  No.  14  weatherproof 
wire  is  used,  soldered  on  at  (AB)  Fig. 
23.  The  lead-in  should  be  made  as  clear 
as  possible,  that  is,  avoid  the  use  of  nu- 
merous insulators,  as  each  tends  to  dissi- 
pate a  certain  amount  of  the  high  tension 
current  which  affects  the  efficiency  of  the 
sending.  Where  the  wires  lead  in 
through  the  wall  to  the  set,  tape  the  wire 
well  and  pass  through  a  thick  porcelain 


best  results  from  the  set.  On  shipboard 
the  ground  is  an  easy  matter,  it  being 
only  necessary  to  solder  to  the  frame  of 
the  engine  which  in  turn  makes  contact 
with  the  water  through  the  propellor. 
This  plan,  however,  is  not  available  for 
land  use,  and  other  means  must  be  pro- 
vided. The  conditions  of  the  soil  around 
the  station  will  largely  determine  the 
depth  to  which  the  ground  should  be 
placed.  In  any  case  the  ground  plate 
should  be  placed  deep  enough  to  make 
contact  with  the  permanently  damp 
earth.  Zinc  sheets  buried  in  the  ground 
give  ideal  results.  At  least  50  square 
feet  should  be  used.  The  sheets  can  be 
arranged  horizontally,  with  a  projecting 
strip  to  which  the  lead  from  the  switch  is 
soldered. 

The  complete  arrangement  of  ground, 
aerial  and  switch  is  shown  in  Fig.  24  in 
which    (A)    leads  to  the  sending  trans- 
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tube,  or  better  still,  drill  a  hole  through 
the  window  pane  and  lead  the  wire 
through. 

The  placing  of  a  ground  wire  is  equal- 
ly as  important  as  a  good  aerial  and  care 
must  be  taken  with  each  to  secure  the 


former  and  (B)  to  the  receiving  end, 
(C)  is  a  double  pole,  double  throw  switch 
used  to  throw  the  sending  or  receiving- 
end  on  the  aerial  at  will.  The  standard 
method  of  supporting  the  aerial  wires  is 
shown  in  Fig.  25  and  employs  pore 
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high  tension  insulators.  Aerial  arrange- 
ment on  shipboard  usually  takes  the 
forms  shown  in  Figs.  26  and  2J. 

For  long  distance  use  the  erection  of 
the  high  masts  becomes  quite  a  difficult 
matter  and  brings  in  use  derricks, 
"dummy"  poles  and  other  lifting  appar- 
atus. There  is  yet  no  standard  height 
for  erecting  masts  as  it  depends  on  the 
range  of  the  set.  however,  for  long  dis- 
tance use  a  mast  from  175  to  200  feet 
high  is  in  general  use.  Masts  are  usual- 
ly built  up  in  sectional  spars,  three  to 
four  masts  spliced  together  comprising 
the  total  height.  For  instance,  a  90-foot 
mast  necessitates  three  spars  ;  the  first 
six  by  six  inches  in  diameter  and  40  feet 
long,  the  second  five  by  five  and  30  feet 
long,  the  third  four  by  four  and  20  feet 
long.  The  spars  can  be  spliced  by  half 
grooving,  bolting,  and  wrapping  with 
Xo.  10  steel  wire.  To  hold  the  masts  in 
proper  position  when  erected,  three  guys 
should  be  placed  on  each.  Two  will  an- 
swer, vet  the  three  are  recommended  for 
safety. 

In  erecting,  a  '"dummy"  pole  is  first 
put  up  which  should  be  about  20  feet 
high  to  erect  an  80-foot  mast.  The  mast 
with  three  spars  spliced  together  is 
placed  with  the  butt  to  the  butt  of  the 
dummy  pole.  Three  blocks  are  now  run 
from  the  top  of  the  dummv  pole  to  the 
top  of  each  spar,  this  is  done  in  order  to 
divide  the  pull  equally  along  the  spar. 
otherwise  it  will  break  under  it's  own 
weight.  When  the  mast  has  reached  an 
angle  of  about  45  degrees  the  guy  wires 
which  have  been  previously  placed  on  are 
taken  by  hand  and  the  mast  lifted 
straight.  The  guys  are  now  led  to  stubs 
and  pulled  tight  and  wrapped. 

The  guy  wires  for  supporting  the 
masts  can  also  be  utilized  for  the  aerial 
spread,  this  plan  being  usually  adopted 
for  long  distance  work.  In  this  case  the 
mast  and  ground  are  insulated  from  the 
guv  wires  by  interposing  porcelain  knobs 
near  the  stub  and  mast.  Insulating  knobs 
are  inserted  the  same  as  for  the  aerial 
spread  shown  in  Fig.  23.  Connecting 
wires  are  run  to  the  various  parts  of  the 
guys  and  back  to  the  operating  room  as 
shown  in  Fig.  28. 

Much  attention  is  being  devoted  at  the 
present  time  to  portable  aerial  arrange- 
ments.    A  very  simple  form  of  mast  is 


made  up  of  iron  pipes  which  can  be 
quickly  elevated  to  a  height  of  45  feet. 
The  aerial  spread  is  of  the  same  plan  as 
given  above.  It  is  asserted  that  such 
sets  can  be  transported  by  one  mule,  and 
are  adaptable  to  military  service. 
(To  Be  Continued.) 


ELECTRIC  BLEACHING  OF  FLOUF. 

In  an  interesting  paper  recently  read 
before  the  Chicago  Electrical  Club.  Mr. 
F.  J.  Postel,  consulting  engineer,  ex- 
plained many  facts  concerning  the  elec- 
tric bleaching  of  flour  which  are  new  to 
the  average  reader. 

The  electric  bleaching  of  flour  is  a 
subject  about  which  but  little  is  known 
even  among  men  interested  in  the  elec- 
trical field.  The  process  is  of  recent  in- 
vention, being  only  about  four  or  five 
years  old.  The  process  as  practiced  to- 
day consists  of  thoroughly  mixing  some 
bleaching  agent  in  the  form  of  gas  with 
the  flour  to  be  treated.  The  result  is  a 
flour  much  whiter  than  before  treatment, 
but  otherwise  differing  very  little  if  any, 
from  the  flour  in  the  original  condition. 
There  are  still  a  number  of  millers  who 
claim  that  the  bleaching  of  flour  as  prac- 
ticed to-day  is  detrimental.  Others,  and 
it  may  be  said  the  majority  of  progres- 
sive millers  of  to-day.  refute  this  argu- 
ment with  tests  by  some  of  the  best 
known  chemists  in  the  United  States, 
showing  that  whatever  slight  changes  do 
occur  in  the  chemical  analysis,  are  bene- 
ficial rather  than  injurious.  In  fact  these 
tests  show  that  flour  properly  bleached, 
keeps  better  and  gives  better  results  in 
baking  than  unbleached  flour. 

In  this  connection  it  is  of  interest  to 
note  that  while  flour  responds  readily  to 
this  bleaching  process,  cornmeal  shows 
no  effect  whatever  after  treatment  with 
the  strongest  gas. 

Shortly  after  this  process  was  intro- 
duced a  number  of  bleaching  machines 
were  put  on  the  market,  but  to-day  the 
number  has  been  greatly  reduced 
through  patent  litigation  and  combina- 
tions. Some  of  the  machines  operate 
entirely  independently  of  electricity,  but 
among  the  electrical  machines  the  Alsop 
machine  shown  in  the  illustration  is  the 
most  widely  used  and  the  best  known. 
This  machine  is  built  bv  the  owners  of 
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the  original  patents  covering  the  bleach- 
ing of  flour. 

The  machine  consists  primarily  of  a 
500  volt  dynamo,  an  induction  coil,  two 
pair  of  electrodes  and  a  pump.  The  in- 
duction coil  is  connected  in  series  with 
the  dynamo  and  serves  therefore  to  hold 
down  the  current  at  the  moment  the  elec- 
trodes are  brought  into  contact,  and  con- 
versely, produces  a  long-drawn-out  arc 
as  the  electrodes  separate.  The  elec- 
trodes consist  of  metal,  usually  of  cop- 
per and  are  enclosed  in  an  arcing  cham- 
ber. The  pump  draws  air  through  this 
chamber  and  discharges  it  into  the  mix- 


ELECTRIC  FLOUR  BLEACHER. 

ing  reel,  where  the  gas  is  brought  into 
intimate  contact  with  the  flour  to  be 
treated.  The  gas  consists  simply  of  air 
which  has  passed  through  this  electric 
arc. 

The  cost  of  treating  the  flour  by  this 
process  is  trivial  and  a  small  machine  of 
from  three  to  five  horsepower  is  amply 
large  for  the  average  mill. 

Among  the  other  machines  which  have 
been  put  on  the  market  were  some  de- 
pending on  the  electrolysis  of  certain 
acids,  the  gas  being  then  mixed  with  the 
flour.  Another  machine  which  is  inter- 
esting, although  not  an  electrical  ma- 
chine, produces  its  active  gas  by  passing 
a  mixture  of  air  and  a  so-called  "alka- 
line gas"  through  a  heated  platinum 
tube. 

On  account  of  the  satisfactory  results 
obtained  by  bleaching,  it  may  be  safely 
predicted  that  some  process  of  bleaching 
will  be  in  use  in  90  per  cent  of  the  mills 
in  this  country  within  five  years  from  the 
present  time. 


THE    SKYSCRAPER    OF    1950. 

A  modern  skyscraper  is  a  marvel  to 
any  European,  even  to  our  American 
countrymen  who  have  never  been  in 
large  cities.  Future  skyscrapers,  how- 
ever will  surpass  everything  ever 
dreamed  of.  Let  us  now  take  a  vision- 
ary glance  into  the  future  skyscraper, 
the  skyscraper  of  1950.  We  will  enter 
one  of  those  monstrous  buildings  of  the 
future  and  glance  around  as  we  pass 
through  the  great  crowd  that  moves  up 
on  one  side  and  down  on  the  other. 

As  soon  as  we  have  entered  the  build- 
ing and  left  behind  the  heavy  noiselessly 
moving  iron  gates  we  find  ourselves  in  a 
most  wonderful  place,  strangely  illumin- 
ated. Before  us  are  rolling  and  moving 
floors,  some  fast,  some  slow,  to  carry 
both  the  hustler  and  the  easy-going  vis- 
itor or  idler.  Some  of  these  moving 
steps  carry  the  people  upstairs,  others 
lead  to  the  local  and  express  elevators 
running  up  to  the  45th  floor,  from 
whence  the  passengers  can  only  be  ac- 
commodated by  rolling  steps,  up  to  the 
50th  floor. 

In  the  center  of  the  main  hall  there 
seems  to  be  a  source  of  light,  yet  we 
cannot  see  any  lamps,  the  light  appears 
to  us  as  coming  from  various  parts  of 
the  building.  We  notice  red,  green,  blue. 
purple,  orange,  yellow  and  other  colors 
of  light  uniting  in  the  center  to  one 
glorious  light  array  which  looks  very 
much  like  the  daylight,  and  yet  no  lamp 
is  visible.  We  are  observed  as  being 
visitors,  and  a  guide  offers  to  show  us 
around  the  building.  He  proposes  to 
have  us  start  in  the  basement  and  go  up 
to  the  top.  At  the  very  bottom  of  the 
basement  we  find  ourselves  20  stories 
below  the  surface  of  the  ground.  Enor- 
mous tube  systems  lead  the  water  pipes, 
electric  cables,  etc.,  to  the  upper-  floors. 
Just  above  this  floor  we  find  smaller 
tubes,  which  carry  the  mail  and  small 
parcels.  These  run  to  a  central  office  on 
the  same  floor.  Here  there  are  U.  S. 
Post  Office  clerks  sorting  out  the  mail 
for  this  building.  Every  office  up  to  the 
50th  floor  is  connected  with  this  Post 
Office  branch.  Hundreds  of  tubes  and 
boxes  are  seen,  and  each  carries  the  mail 
with  lightning  speed  to  the  various 
offices.  Those  letters  which  want  to  be 
mailed  are  sent  down  to  the  same  office 
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by  another  electric  shooting  service  very 
much  like  a  letter  drop,  yet  much  faster, 
and  with  power.  All  letters  which  are 
not  stamped  are  shot  up  and  back  to  the 
office. 

On  the  basement  floor  above  we  find 
an  automatic  telephone  central.  On  the 
basement  floor  above  this  central  sta- 
tion is  a  safety  deposit  vault.  Every 
office  in  the  building  has  the  right  to 
use  one  of  the  vaults.  They  seem  to  be 
the  most  perfect  safes  that  human  brain 
can  devise.  First  a  man  has  to  know 
the  number  of  a  combination  lock  before 
he  can  enter  his  compartment.  If  he  has 
succeeded  in  entering  his  vault  he  has  to 
unlock  another  combination  lock  in  order 
to  be  able  to  unlock  the  first  door.  Xow 
he  stands  before  an  electric  apparatus 
which,  as  soon  as  the  vault  was  opened, 
gave  a  signal  to  the  vault  controlling 
office.  His  picture  is  transmitted  to  the 
office  and  an  indicator  shows  the  photo- 
graph of  the  person  who  is  authorized 
to  enter  the  vault.  The  operator  will  be 
able  to  compare  the  two.  If  the  person 
is  "all  right"  he  turns  on  the  electric 
current  which  allows  the  party  to  make 
use  of  the  first  key.  This  done,  a  red 
light  appears  in  the  office,  showing  that 
the  party  had  the  right  key.  Immedi- 
ately an  alternating  current  is  thrown  in 
permitting  the  party  to  use  the  second 
key,  with  wThich  he  is  able  to  finally  open 
the  vault.  Electric  radiographs  show  in 
the  office  upstairs  all  valuables  which  the 
man  puts  in  or  removes  from  the  vault. 

Above  this  vault  floor  is  the  machine 
floor.  But,  alas,  we  are  afraid  to  enter 
this  locality.  Here  are  huge  generators 
and  high  frequency  transformers  revolv- 
ing at  a  terrific  speed,  sometimes  throw- 
ing flashes  and  sparks  several  feet  into 
the  air.  An  enormous  amount  of  ozone 
is  produced  by  these  high  frequency  ma- 
chines and  transformers,  and  this,  we  are 
told,  is  not  wasted,  but  used  in  purifying 
the  air  in  the  halls  and  offices,  and  also 
for  cleaning  and  purifying  the  drinking 
water  of  the  entire  building. 

The  various  machines  produce  various 
colors  of  light.  Upstairs  the  office  peo- 
ple have  switches  to  use  either  color  they 
require  or  may  find  suitable  for  their 
purpose.  The  guide  tells  us  that  sci- 
ence has  long  proven  the  fact  that  the 
color  of  the  light  has  an  enormous  in- 


fluence over  our  temperaments,  and  con- 
sequently also  on  our  nerves.  Those 
who  need  physical  energy  will  use  a  deep 
red  light,  those  who  have  to  work  stren- 
uously for  a  short  time  will  use  the  ultra 
violet  rays.  Those  who  need  a  rest  both 
for  eyes  and  brain  will  turn  on  the  green 
light.  They,  however,  who  have  to  do 
light  work,  which  has  to  be  extended 
over  a  long  period  of  time,  use  the  blue 
rays,  which  have  a  preserving  effect 
upon  the  system.  Although  all  this  is 
most  interesting  to  us,  we  are  told  to 
move  on  as  we  would  never  get  through 
the  building  by  noticing  all  such  minor 
details. 

So  we  move  on  to  the  next  floor. 
There  is  not  much  to  be  seen  here,  yet 
that  which  may  be  seen  is  of  the  highest 
interest  to  us.  There  are  enormous  plates 
extending  over  the  whole  floor,  com- 
pletely covering  it.  These  plates  are 
there  to  produce  the  cold  light  in  the 
various  offices.  We  are  informed  that 
another  plate  like  this  is  located  in  the 
ceiling  on  the  top  floor.  The  space  be- 
tween these  two  plates  is  what  they  call 
the  electric  field.  The  plates  are  charged 
with  high  frequency  currents  of  millions 
of  volts.  Xicola  Tesla.  who  was  the  in- 
ventor of  this  theory  and  who  lived  50 
years  ago,  is  given  the  credit  for  this 
invention.  In  this  electric  field,  that  is, 
throughout  the  whole  building,  there  are 
lamps  which  throw  forth  cold  light. 
These  lamps  have  no  filament  and  do 
not  need  any  wires  attached  to  them. 
They  may  be  carried  around  in  the 
whole  building  always  being  lit.  By  cov- 
ering the  lamp  with  a  metal  screen  it 
ceases  to  emit  light,  because  the  metal 
screen  is  wave  tight.  These  lamps  are 
used  in  addition  to  the  colored  lamps  to 
which  we  just  alluded.  Both  of  the 
lamps  mentioned  throw  forth  cold  light. 
The  guide  puts  on  his  thinking  cap,  then 
tells  us  that  long  ago  the  people  had  a 
very  poor  way  of  producing  electric 
light.  They  heated  a  wire,  or  several 
of  them,  until  they  became  white  hot, 
thus  throwing  forth  a  glimmering  light, 
which  flickered  with  the  generator,  and 
if  the  latter  did  not  run  fast  enough, 
the  lights  would  sometimes  only  be  dimly 
red.  "They  did  not  know  any  better 
then,"  he  said. 

We    are    anxious    to    know    how    the 
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building"  was  heated,  and  as  we  saw  no 
steam  pipes  we  are  at  a  loss  of  how  the 
heat  is  produced.  Our  guide  divines 
our  thoughts  and  gives  us  the  informa- 
tion. In  every  office  or  other  locality 
there  are  heating  devices.  They  are 
electric,  of  course,  and  when  not  in  use 
are  covered.  The  more  the  screen  is 
opened  the  more  the  heater  is  exposed  to 
the  electric  waves  from  the  plates  al- 
luded to,  and  these  heat  the  air  in  pro- 
portion. We  ask  what  there  is  on  the 
other  floors  in  the  basement  and  are  told 
that  they  are  used  for  storing  various 
goods. 

In  one  floor  are  also  the  freight  depots 
for  the  building  and  above  it  the  express 
electric  subway,  above  that  the  locals. 
On  the  floor  just  below  the  main  floor 
there  is  a  large  restaurant,  we  are  told. 
As  we  are  hungry  and  need  a  rest,  we 
enter  to  refresh  ourselves.  The  thing 
that  strikes  us  the  most  forcibly  is  that 
we  see  nothing  but  machinery  and  no 
one  to  serve.  The  guide  notices  our  em- 
barrassment and  says  with  a  smile : 
"There  is  an  old  saying  'God  helps  him 
who  helps  himself.' '  As  we  sit  down 
an  electric  instrument  presents  to  us  a 
bill  of  fare  beautifully  illuminated.  By 
placing  our  hands  on  a  metal  handle  and 
throwing  a  small  coin  into  a  drop,  the 
machine  not  only  tells  us  our  tempera- 
ment, but,  gives  us  on  a  printed  chart 
all  about  our  state  of  health.  We  read 
it  carefully  and  with  the  liveliest  inter- 
est. But  before  we  are  half  through  with 
reading  the  complete  meal  is  spread  be- 
fore us.  The  guide  tells  us  that  we  were 
reading  extremely  slow  and  that  it  takes 
the  people ?  who  serve  us  just  half  the 
time  to  read,  because  they  have  trained 
their  eyes  to  such  an  extent  that  they 
read  with  both  eyes  at  the  same  time  at 
different  places,  thus  employing  the 
whole  of  the  brain  all  the  time.  The 
meal  is  made  up  in  such  a  way  as  to 
comprise  all  the  chemicals  which  we  re- 
quire to  build  up  our  exhausted  nerve 
energy.  Thus  when  we  placed  the  coin 
in  the  slot  we  not  only  made  known  our 
state  of  health,  but  also  ordered  our  meal 
to  suit  our  needs.  As  our  meal  arrived 
on  a  beautiful  porcelain  tray,  we  noticed 
other  trays  disappear  as  soon  as  the  cor- 
responding seat  was  vacated. 

When  we  left  the  restaurant  and  ar- 


rived at  the  main  floor  we  found  that 
we  have  been  spending  four  hours  in  the 
basement.  Now  there  was  a  whole 
building  of  50  stories  left  for  our  re- 
search and  so  we  decided  not  to  visit 
this  upper  part  of  the  skyscraper  until 
a  future  time. 


ELECTRICITY    RIDS    POWER    PLANT    OF 
EELS. 

A  recent  run  of  eels  in  the  rivers  and 
creeks  in  the  section  of  northern  Califor- 
nia, near  Ukiah,  is  said  to  have  exceed- 
ed any  known  for  years.  The  canal  built 
by  the  Snow  Mountain  Power  Company, 
from  its  power  houses  in  Potter  Valley. 
swarmed  with  them,  and  they  piled  up  at 
the  power  station  in  a  manner  that 
threatened  to  clog  the  wheels.  There 
seemed  to  be  no  way  of  getting  rid  of 
them  until  electricians  sunk  a  large 
meshed  piece  of  wire  netting  in  the  canal 
where  the  eels  congregated,  and  when  it 
was  well  covered,  turned  several  thou- 
sand volts  into  it.  The  eels  were  then 
gathered  up  and  hauled  away  and  buried. 
Several  wagon  loads  of  them  were  killed, 
according  to  the  account.  The  Fish 
Commissioners  are  particularly  interest- 
ed in  this  method  of  killing  eels,  as  thev 
are  one  of  the  greatest  destroyers  of 
young  trout  known. 


ELECTRICITY  AND  FOG. 

In  a  letter  to  La  Nature  Mr.  Charles 
Chree  throws  a  little  new  light  on  the 
conditions  under  which  fog  is  formed. 
He  believes  that  the  earth's  atmospheric 
envelope  is  a  reservoir  of  electricity;  a 
natural  storage  battery.  The  charge  is 
sometimes  positive  and  sometimes  nega- 
tive, but  within  certain  limits  its  strength 
increases  with  elevation.  Records  ob- 
tained by  Mr.  Chree  with  automatic  reg- 
isters (at  the  Kew  Observatory)  indicate 
that  the  increase  is  conspicuously  rapid 
when  a  dense  fog  prevails.  Here  is  evi- 
dence that  the  development  of  fog  is  to 
some  extent  an  electrical  phenomenon. 
The  fact  tends  to  confirm  the  belief  of 
Sir  Oliver  Lodge,  based  on  laboratory 
experiments,  that  fog  could  be  abated  by 
mechanically  generated  electricity,  and 
that  its  formation  could  even  be  prevent- 
ed by  the  same  agency. 
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PICTURESQUE  ITALIAN  RAILWAY. 

The  extremely  sinuous  Brembo  Val- 
ley, situated  between  two  ramifications  of 
the  Alps,  is  one  of  the  most  picturesque 
valleys  of  Upper  Italy.  The  villages 
situated  in  this  valley,  part  of  which  are 
father  important,  are  among  the  most 
frequented  Italian  health  resorts.  The 
two  principal  cities  in  this  region  are 
Bergamo  and  San  Giovanni  Bianco,  and 
they  have  recently  been  connected  by  a 
modern  electric  railway  which  operates 
upon  what  is  known  as  the  single  phase 
system. 

Owing  to  the  mountainous  nature  of 
the  country,  no  less  than  17  tunnels  were 
required  in  the  20  miles  traversed  by  the 
railway.  One  of  the  accompanying  illus- 
trations shows  the  entrance  to  one  of 
these  tunnels,  showing  also  the  substan- 
tial nature  of  the  roadbed  and  the  finely 
appointed  trains  which  operate  upon  this 
line. 

A  hydraulic  power  station,  which  util- 
izes a  head  of  about  90  feet,  generates 
the  electric  power  required  by  the  line. 


POWER  HOUSE   OF   THE   BERGAMO 
RAILWAY. 


trie  locomotives.  Instead  of  the  usual 
trolley  wheel  for  collecting  current  from 
the  wire,  what  is  known  as  a  pantograph 


PICTURESQUE     ITALIAN     RAILWAY. 


Water  is  brought  down  the  mountain- 
side from  the  reservoir  in  heavy  steel 
tubes  which  terminate  in  the  power 
house. 

The  cars  are  not  operated  by  individual 
motors,  but  are  drawn  in  trains  by  elec- 


collectw  is  mounted  on  each  locomotive. 
This  consists  of  a  frame  work  of  steel 
which  is  held  against  the  trolley  wire  by 
springs  and  which  is  lowered  by  a  com- 
pressed air  apparatus  under  the  control 
of  the  motorman. 


ELECTRIC  POWER  FROM  A  GLACIER. 


The  most  important 
and  interesting  hy- 
dro -  electric  plant 
that  has  ever  been 
installed  in  connec- 
tion with  impulse 
water  wheels  is  that 
of  the  Puget  Sound 
Power  Company  It 
is  interesting  not 
only  from  a  hydrau- 
lic standpoint,  but 
representing  the  highest  development 
and  refinement  in  the  construction  and 
application  of  electric  power  transmis- 
sion. The  plant  is  located  on  the  Puyal- 
lup  River,  32  miles  from  Tacoma,  Wash- 


by  means  of  a  flume  10  miles  long  to  a 
reservoir  located  on  a  high  plateau,  and 
thence  by  steel  pipes  to  the  Pelton  im- 
pulse water  wheels,  affording  a  head  of 
865  feet.  The  flume  and  reservoir  are 
constructed  with  a  view  to  the  ultimate 
development  of  60,000  horsepower,  and 
the  present  equipment  consists  of  four 
3,500  kilowatt  generators,  aho  two  150 
kilowatt  exciters.  Each  wheel  unit  has 
an  overload  capacity  of  7,500  horsepow- 
er, making  the  present  output  of  the  sta- 
tion 30,000  horsepower.  This  power  is 
transmitted  to  Tacoma  and  to  Seattle,  48 
miles  distant,  being  used  for  the  various 
industrial  enterprises  in  that  section,  and 
particularly   for  operating  the  extensive 


INTERIOR    OF    THE    OLACIER    POWER     PLANT 


ington.  This  river  has  its  origin  in  the 
glaciers  and  snow  peaks  of  Mt.  Rainier, 
the  highest  mountain  in  the  United 
States.  As  a  consequence  an  unfailing 
source  of  water  is  assured  from  the  melt- 
ing snow  and  ice. 

The  water  scheme  consists  of  diverting 
the  Puvallup  River  and  carrying  its  flow 


system  of  suburban  electric  roads  in  the 

vicinity  of  Seattle. 

Where  great  heads  of  water  are  uti- 
lized to  develop  power,  as  in  [     5 
the  impulse  type  of  water  wheel  is  used 
to  the  best  advantage.     The  water    - 
down    from   the  heights   above   in   great 
steel  tubes  which  grow  heavier  and 
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THE   FORCE    OF   THE   WATER  IS   FINALLY    SPENT  IN  A  GRAND   RUSH. 


ier  toward  the  bottom,  to  withstand  the 
enormous  pressure  which  increases  with 
the  height  of  the  column  of  water.  The 
power  house  is  located  at  the  foot  of  the 
tubes,  and  the  latter  terminate  in  nozzles 
which  direct  streams  against  the  buckets 
of  the  water  wheels.  The  buckets  are 
cup  shaped  and  mounted  on  the  rims  of 
the  wheels  which  revolve  with  great 
speed. 

One  of  the  illustrations  shows  a  stream 
as  it  emerges  from  one  of  the  nozzles. 
There  is  no  spattering  or  splashing,  for 
so  great  is  the  pressure  that  the  water 
emerges  almost  as  a  bar  of  steel.  If  an 
attempt  were  made  to  cut  this  stream  by 
striking  it  with  a  crow-bar,  or  an  ax 
even,  the  tool  would  be  whisked  away  as 
a  feather  would  be  thrown  from  the 
stream  of  an  ordinary  garden  hose. 

A  great  deal  of  energy  remains  in 
the  stream  after  it  has  passed  through  the 
wheels,  as  will  be  noted  in  the  picture 
showing  the  exterior  of  the  power  house. 

The  interior  view  of  the  power  house 
shows  the  electric  generators  at  work. 
The  ultimate  installation  "is  to  consist  of 


eight  units  and  the  entire  equipment  is 
so  arranged  as  to  provide  for  complete 
pilot  control  of  both  water  wheel  and 
electrical  apparatus.  This  is  accomplished 


WATER   ISSUES    FROM    THE    NOZZLE    LIKE 
MOLTEN   STEEL. 

from  the  switchboard  at  the  farther  end 
of  the  building  and  the  complete  equip- 
ment of  eight  units  will  ultimately  re- 
quire a  building  considerably  over  200 
feet  in   icneth. 
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ELECTRICAL  OPERATION  OF  CENTRIFU- 
GAL MACHINES. 

In  certain  mechanical  processes,  such 
as  finishing  and  drying  in  printing  estab- 
lishments and  the  refining  of  sugar,  cen- 
trifugal machines  are  used  extensively. 
For  the  operation  of  these  machines  elec- 
tric motors  are  of  particular  advantage 
owing  to  the  peculiar  requirements  of  the 
case.  Belt  transmission  either  from  a 
line  of  shafting  of  constant  speed  of  ro- 
tation, or,  in  the  case  of  very  large  ap- 
paratus, from  a  special  prime  mover,  a 
steam  engine,  or  the  like,  was  the  usual 
method  of  driving  until  quite  recently. 
Steam  engines,  owing  to  the  reciproca- 
ting motion,  exert  a  harmful  action  on 


mediately  after  starting,  warrant  a  uni- 
form and  safe  operation  of  the  centrifu- 
gal machine.  On  account  of  their  low 
space  requirements,  the}-  can  be  arranged 
either  above,  below  or  beside  the  drum. 
Lastly,  in  the  case  of  electric  operation. 
a  centrifugal  machine  cannot  possibly  ex- 
ceed a  given  maximum  number  of  turns, 
thus  excluding  any  risk  of  explosion  due 
to  excessive  speed.  On  the  other  hand, 
there  is  a  possibility  of  altering  the  speed 
within  different  limits  below  the  maxi- 
mum figure,  which  is  required  for  full 
load  operation. 

Different  methods  can  be  made  use  of 
in  the  operation  of  centrifugal  machines 
— viz.,  belt  operation,  either  individual 
or  in   groups,   and   direct   operation,   the 


the  whole  of  the  gearing,  while  turbines 
or  Pelton  wheels,  which  would  be  other- 
wise suitable  for  the  operation  of  such 
machines,  can  be  used  advantageously 
only  in  the  cases  where  natural  water 
pressure  is  cheaply  available.  Moreover, 
steam  engines  as  well  as  hydraulic  mo- 
tors are  suitable  only  in  the  case  of  large 
sized  units. 

Electric  motors  are  designed  to  have 
the  high  numbers  of  revolutions  required 
in  the  case  of  centrifugal  machines,  while 
their  uniformity  in  working  and  the  fact 
that  they  can  be  raised  to  full  speed  im- 


driving  motor  being  coupled  rigidly  and 
immediately  to  the  axle  of  the  machine. 
The  latter  alternative  has  the  advantage. 
that,  owing  to  the  absence  of  belts,  a 
saving  in  first  cost,  operating  expenses 
and  space  is  secured. 

The  accompanying  illustration  is  an  in- 
teresting view  in  a  large  printing  estab- 
lishment in  Germany,  where  the  centrifu- 
gal machines  are  installed  in  the  finish- 
ing and  drying  works.  Cleanliness  and 
neatness  are  characteristic  of  this  in- 
stallation, as  in  all  others  where  electric 
drive  is  employed. 


ELECTRICAL  PRODUCTION  OF  IRON  AND  STEEL. 


In  recent  years  various  practical  meth- 
ods have  been  developed  by  which  elec- 
trical energy  is  used  in  every  process  of 
the  metallurgy  of  iron,  from  the  produc- 
tion of  pig  iron  from  the  ore  in  the  blast 
furnace  to  the  preparation  of  the  finest 


FIG. 


STASSANO    FURNACE. 


grades  of  malleable  iron  and  steel.  The 
following  extracts  from  a  review  of  this 
subject  by  Victor  Englehardt  in  Die 
Umshau  will  be  found  interesting. 

Apparatus  employed  in  this  branch  of 


In  Stassano's  refining  furnace,  Figs, 
i  and  2,  the  arc  is  placed  near  the  surface 
of  the  metal,  which  it  heats  by  radiation, 
the  direct  radiation  being  augmented  by 
the  radiant  heat  reflected  by  the  dome  of 
the  furnace.  The  immediate  effect  is  con- 
nned  to  the  superficial  stratum  of  the 
fused  metal,  but  this  stratum  is  continu- 
ally renewed  by  the  rotation  of  the  entire 
furnace  about  an  eccentrically  placed  ver- 
tical axis. 

Heroult  produces  electric  arcs  between 
massive  carbon  electrodes  and  the  fused 
metal,  which  constitutes  an  intermediate 
electrode,  but  protects  the  metal  from 
contamination  with  carbon  by  a  floating- 
layer  of  fused  slag  (Fig.  3).  In  this  case, 
also,  the  heat  is  applied  only  to  the 
surface. 

In  Girod's  refining  furnace  (Fig.  4) 
the  molten  iron  is  connected  with  one 
pole  of  the  dynamo  by  an  iron  rod  which 


FIG. 


STASSANO  FURNACE  IN    OPERATION. 


electrometallurgy  may  be  classified  in 
three  groups,  of  which  the  prototypes  are 
the  arc  lamp,  the  incandescent  lamp  and 
the  alternating  current  transformer. 

In  regard  to  the  first  group  which  op- 
erates on  the  principle  of  the  arc  lamp 
it  is  evidently  impracticable  to  put  either 
of  the  carbon  electrodes  in  direct  contact 
with  the  iron  to  be  melted  because  of  the 
solubility  of  carbon  in  molten  iron. 


passes  through  the  bottom  of  the  fur- 
nace and  is  prevented  from  fusing  by 
currents  of  water.  The  arc  is  formed  be- 
tween the  molten  iron,  which  is  covered 
by  a  layer  of  slag,  and  a  carbon  electrode 
a  little  distance  above  its  surface.  The 
general  direction  of  the  current  through 
the  metal  is  vertical  in  Girod's  and  hori- 
zontal in  Heroult's  furnace. 

The  Stassano,  Heroult  and  Girod  fur- 
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naces  are  the  principal  devices  of  the 
arc  lamp  type  that  have  come  into  prac- 
tical use. 

An  example  of  the  second  or  incan- 
descent lamp  group  is  afforded  by  Gin's 
resistance  furnace  in  which  iron,  con- 
tained in  a  trough  of  small  cross-section, 
is  melted  by  the  heat  developed  by   the 


FIG.    3.     HEROULT  FURNACE. 

resistance  which  it  offers  to  the  passage 
of  a  current  flowing  through  it  between 
solid  electrodes  at  the  ends  of  the  trough. 
This  action  is  similar  to  the  heating  of  an 
incandescent  lamp  filament.  Apparatus 
of  this  type  has  failed  in  practice  be- 
cause of  the  difficulty,  or  impossibility,  of 


FIG.    4.     GIROD   FURNACE. 

finding  suitable  material  for  these  elec- 
trodes. Carbon  cannot  be  used  for  the 
reason  already  given,  and  the  employ- 
ment of  metallic  electrodes  would  neces- 
sitate the  addition  of  intricate  and  im- 
practicable cooling  devices.  There  re- 
main only  conductors  of  the  second  class. 
as  they  are  called,  such  as  are  employed 
in  the  Nernst  lamp.      These  substances 


have  high  resistance  when  cold  and  be- 
come efficient  conductors  only  at  high 
temperatures.  With  electrodes  of  this 
character,  however,  the  furnace  could 
not  be  started  until  the  electrodes  had 
been  heated  and  this  preliminary  heating 
is  impracticable  on  a  large  scale. 

All     the     difficulties     connected     with 


FIG. 


electrodes  and  contacts  are  avoided  in 
apparatus  of  the  transformer  type.  Elec- 
trical energy  is  most  economically  con- 
veyed over  long  distance  in  the  form  of 
alternating  currents  of  high  voltage  and 
small  volume,  and  these  currents  are 
converted  into  alternating  currents  of 
low  voltage  and  great  volume  by  means 
of  "step  down"  transformers,  inserted  be- 
tween the  line  wire  and  the  groups  of 
lamps  or  motors  which  they  supply.  Such 


FKi 


a  transformer  (Fig.  5)  consists  of  a  soft 
iron    core   surrounded    by   two    coils   of 

wire.  One  of  these,  called  the  prim; 
coil  contains  numerous  windings  of  tine 
wire,  while  the  other,  or  secondary  coil, 
contains  a  tow  windings  of  coarse  wire. 
The  primary  coil  connected  with  the  line 
wire,  the  secondary  with  the  lamps  or 
motors.      If   the   number     of     windings 
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in  the  secondary  coil  is  reduced  to 
one  (Fig".  6),  and  this  single  turn  of  wire 
is  short-circuited  by  connecting  its  ends 
to  form  a  closed  ring,  the  ring  can  be 
melted  by  the  heat  developed  by  its  re- 
sistance to  the  secondary  or  induced  cur- 
rent which  flows  through  it.  It  is  but 
a  step  from  this  arrangement  to  Kjellin's 
induction  furnace  (Fig.  7).  in  which 
iron  contained  in  a  ring  shaped  trough 
of  infusible  material  is  melted  by  its 
own  resistance  to  an  alternating  cur- 
rent induced  in  it  by  the  alternating  cur- 
rent of  a  primary  coil  which  surrounds 
an  iron  core  in  the  axis  of  the  trough. 

All  the  operations  of  the  metallurgy 
of  iron  and  steel  can  now  be  conducted  in 
electrical  furnaces.  How  much  of  the 
work   may    advantageously   be    done    by 


FIG.    7. 

electrical  process  will  depend  mainly  on 
the  cost  of  electrical  energy.  The  econ- 
omy of  the  various  processes  will  also  be 
influenced  by  the  type  and  size  of  elec- 
trical furnace  employed  and  the  price  at 
which  electric  current  can  be  bousrht. 


LIGHTING  CIRCUIT  FOR    TELEPHONE 
BOOTHS. 

The  circuit  arrangement  which  is 
shown  by  the  illustration  below  may  be 
used  in  all  places  where  a  lamp  signal  is 
required  only  for  a  short  length  of  time. 
It  is  especially  applicable  for  use  in  tele- 
phone booths.  Many  arrangements  have 
been  designed  for  lighting  a  lamp  only 
during  the  time  a  telephone  user  is  in  t1^e 


is  provided  with  a  normally  open  circuit 
closer.  A  relay  is  also  supplied,  together 
with  a  push  button,  and  even  the  push 
button  may  be  eliminated  by  suitably 
mounting  the  relay  armature  so  that  a 
direct  pressure  against  the  armature  will 
perform  the  necessary  operation. 

The  operation  of  the  lighting  circuit 
is  as  follows-: 

The  telephone   user   enters   the  booth 
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LIGHTING   CIRCUIT   FOR   TELEPHONE    BOOTHS. 


booth,  but  all  such  plans  light  the  lamp, 
as  a  rule,  even  though  it  is  not  wanted. 

The  arrangement  illustrated  consists 
of  a  lamp  (L),  supplied  either  by  a  set 
of  batteries  or  directly  from  the  house 
lisrhtino-  circuit.     The  door  of  the  booth 


and  after  closing  the  door  (D),  and  find- 
ing that  light  is  required,  presses  the 
push  button  (T-S)  ;  this  connects  togeth- 
er the  points  (T)  and  (B-S)  and  causes 
a  flow  of  current  from  the  battery 
through  the  lamp  (L)  and  relay  (R). 
This  current  while  lighting  the  lamp  also 
draws  up  the  armature  (A)  of  the  relay 
(R)  and  keeps  the  lamp  burning,  even 
though  the  push  button  (T-S)  is  re- 
leased. But  when  the  telephone  user 
leaves  the  booth,  he  must  necessarily 
open  the  door,  and  this  results  in  open- 
ing the  circuit  of  the  lamp  and  relay, 
causing  the  relay  armature  to  let  go,  and 
even   should   the   door  be   closed  again, 
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the  lamp  will  not  burn  unless  some  one 
inside  of  the  booth  presses  the  push  but- 
ton. 

It  will  be  observed  that  this  arrange- 
ment completely  eliminates  the  possibil- 
ity of  wasting  current  through  having 
the  lamp  in  the  booth  lighted  when  it  is 
not  actually  required.  Nor  will  it  be 
possible  to  light  the  lamp  and  waste  cur- 
rent by  closing  the  door  of  the  booth 
after  leaving  it.  In  other  words,  the 
lamp  will  be  lighted  only  when  it  is 
actuallv  wanted  and  at  no  other  time. 


GERMAN  ELECTRIC  DREDGE. 

The  great  German  electric  dredge, 
"Thor,"  which  is  used  in  widening  and 
deepening  the  mouths  of  navigable  riv- 
ers is  typical  of  the  latest  development 
of  electric   dredge   design.     The   dredge 


are  also  the  dredging  buckets  and  the 
conveyors.  It  is  stated  that  this  is  one 
of  the  most  complete  electrically  driven 
dredges  in  existence,  and  is  said  to  work 
both  economically  and  with  reliability, 
while  its  installation  for  electric  power 
generation  makes  it  independent  of  all 
outside  sources  for  electrical  energy. 


ELECTRIC     COW     MILKERS    NEEDED     IN 
ITALY. 

According  to  a  recent  consular  report 
an  electrical  cow-milking  machine  is  at 
present  sought  in  Italy,  especially  in 
Lombardy,  the  chief  agricultural  center 
of  the  kingdom.  Nothing  of  the  kind  is 
at  present  in  the  Italian  market  and  now 
seems  to  be  the  right  time  for  the  Amer- 
ican manufacturer  to  exploit  his  article. 
A  similar  apparatus  is  offered  by  foreign 
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itself  is  moved  from  place  to  place  by 
steam  power,  but  all  other  operations  are 
performed  by  electricity  which  is  gener- 
ated by  dynamos  carried  on  board. 

The  electric  lighting  equipment  in- 
cludes 40  incandescent  lamps  and  16  arc 
lamps,  also  a  large  searchlight.  Two 
electric  cranes  handle  the  anchor.  The 
capstan  takes  a  7)/  horsepower  motor. 
The  winches  are  operated  by  motors,  as 


agents,  but  Italian  importers  wish  to  get 
directly  in  touch  with  the  manufacturer. 
The  constant  labor  movements  in  Italy 
make  a  machine  of  this  kind  of  the 
greatest  need.  Electrical  cow-milking 
machines  weighing  more  than  2.204 
pounds  each  are  dutiable  at  $3.09  per 
220  pounds ;  those  weighing  J.204 
pounds  or  less  are  dutiable  at  S4.S2  per 
220  pounds. 


PHOTOGRAPHS  OF  ELECTRIC  DISCHARGES. 


Interesting  photographic  investiga- 
tions of  electrical  sparks  and  discharges 
have  been  carried  out  in  the  past  at 
Nantes,  France,  by  Dr.  Stephane  Leduc 
and  the  illustrations  on  the  opposite  page 
show  some  of  the  mere  recent  photo- 
graphs made  by  this  investigator.  The 
effects  produced  are  not  unlike  those  of 
the  most  beautiful  crystals  of  snow  or 
ice,  or  those  given  by  the  kaleidoscope, 
the  most  exquisite  ornamental  figures  in 
wonderful  variety  being  obtained  by  the 
electrical  process. 

Practical  use  has  been  made  of  these 
photographs  as  designs  for  decorative 
purposes,  various  patterns  being  first 
provided  for  the  general  outline,  for  wall 
paper,  carpet  or  rug  patterns. 

The  outline  of  stars,  letters,  figures  or 
other  patterns  is  first  cut  out  and  placed 
on  a  photographic  sensitive  plate,  then 
metallic  oxide,  starch  or  other  fine  pow- 
der is  sifted  over  the  sensitive  surface  of 
the  plate,  after  which  the  pattern  is  tak- 
en from  the  plate,  leaving  the  tracings  of 
the  openings  thereon.  Exposure  to  the 
electric  discharge  is  made  in  a  dark 
room,  and  the  sensitive  plate  developed 
as  in  the  case  of  ordinarv  negatives  ex- 
posed to  sunlight  or  other  light  in  a 
camera. 

With  these  electric  photographs  no 
camera  is  required,  as  the  plate  with  the 
outline  in  fine  powder  is  placed  on  a 
metal  foil,  tin  foil  or  lead  being  em- 
ployed, and  joined  to  the  outer  coating  of 
one  of  Leyden  jars  of  a  frictional  elec- 
tric machine.  The  other  jar  is  connected 
to  a  point  in  the  middle  of  the  tracing 
above  the  sensitive  surface.  The  electric 
static  machine  then  has  its  two  Doles  con- 
nected to  the  inner  coatings  of  each  jar 
respectively,  a  screen  being  provided  for 
protecting  the  surface  of  the  photo- 
graohic  piste  from  the  discharge  of 
sparks  at  the  machine. 

As  will  be  noted  from  the  accompany- 
ing illustrations,  very  interesting  photo- 
graphic prints  are  obtained  from  the 
negatives  after  development,  the  de- 
signs being  varied  according  to  the 
patterns  used,  the  arrangement  of  pow- 
der, the  strength  of  current  and  the  form 
of  metallic  conductors  emoloved.     Tt  is 


maintained  that  the  tension  or  voltage  of 
the  current  makes  a  great  difference  in 
the  results  obtained,  as  well  as  the  tem- 
perature and  dryness  of  the  atmos- 
phere. 

Some  important  investigations  have 
been  made  of  electric  fields  by  this  pho- 
tographic process  of  Dr.  Leduc.  Images 
of  electric  spectra  have  been  obtained  by 
photographing  silent  discharges  of  elec- 
tricity, by  placing  the  metallic  point  and 
sensitive  plate  in  the  same  positions  as 
when  using  the  ornamental  patterns,  the 
plate  and  point  being  again  connected  to 
the  outside  metal  coating  of  the  Lyden 
jars. 

By  using"  a  single  point  a  photograph 
of  a  monopolar  field  is  obtained,  when 
two  points  are  employed  a  bipolar  field 
is  obtained,  etc.,  the  photographs  pro- 
duced giving  somewhat  similar  designs 
to  iron  filings  with  magnetic  fields.  Pho- 
tographs of  unlike  poles  show  lines 
drawing  together  and  connecting  the 
poles,  while  with  poles  of  the  same  sign 
or  electrical  polarity  the  photograph  of 
the  electric  discharge  resembles  the  fil- 
ings outline  of  two  magnetic  poles  which 
are  alike,  either  both  positive  or  both 
negative. 

By  employing  a  number  of  points  mul- 
tipolar electrical  fields  are  photographed, 
and  by  placing  the  points  perpendicular 
to  the  plate  or  parallel  with  the  plate  in- 
teresting changes  are  noted  in  the  re- 
sults. It  is  necessary  to  employ  special 
plates  in  order  to  avoid  the  veil  due  to 
the  spark  and  obtain  the  best  results. 

It  is  also  stated  that  red  oxide  or  mer- 
cury is  employed  to  advantage,  the  plate 
being  immersed  in  the  compressed  oxide 
while  the  discharge  is  taking  place. 
There  is  also  a  great  difference  in  the 
figures  produced  on  the  plates  if  the 
point  is  positive  and  the  plate  negative, 
the  former  connections  having  been  re- 
versed. 

Some  of  the  most  interesting  and 
unique  designs  of  lettering  have  been 
produced  by  this  process  of  photograph- 
ing electric  discharges,  with  patterns  of 
letters  and  words  as  noted  in  the  illus- 
trations. 
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PHOTOGRAPHS    OF    ELECTRIC    DISCHARGES. 


(1)  Word  traced  out  by  spark  discharges.  (2)  Discharge  between  two  points,  one  above  and 
one  below  plate.  (3)  Star  design.  (4)  Discharge  between  a  positive  polo  and  negative  plate.  ui>( 
Heart  shaped  design.      (6)  Discharge  between  two    poles  of  like  polarity. 


"WELCOME"  IN  DENVER. 


When  the  delegates  and  visitors  to  the 
National  Democratic  Convention  stepped 
from  their  trams  at  the  Union  Station  in 
Denver,  the  first  greeting  they  received 
as  they  passed  through  the  portals  of  the 
station  into  Seventeenth  Street  was  from 
the  "Welcome"  arch,  the  pride  of  Den- 
ver, "The  City  of  Lights,"  and  the  only 
arch  of  its  kind  in  the  world. 

This  arch  is  a  symbol  of  the  hospitality 
of  Denver.  It  is  dependent  upon  elec- 
tricity to  a  large  extent  for  its  unique- 
ness, was  erected  in  1906  by  private  sub- 


ter  span,  is  16  feet  high,  and  weighs  six 
tons. 

The  arch  is  built  of  a  combination  of 
metals  that  insures  strength  and  durabil- 
ity. It  is  bronze  plated,  three  tons  of 
bronze  having  been  used,  and  it  is  fin- 
ished with  a  coloring  of  verde  antique 
resembling  the  green  of  old  copper. 

There  are  1,800  electric  incandescent 
lights  outlining  the  arch,  but  the  full 
number  is  only  used  on  special  occasions  : 
1,600  being  the  number  burned  until 
midnight,  every  night  in  the  year.     The 


scriotion,  and  dedicated  July  4,  1906.  It 
cost  $25,000. 

Delegates  to  the  Elks'  convention  in 
1906  were  the  first  to  be  greeted  by  the 
huge  inscription,  "Welcome,''  on  this 
wonderful  arch.  Since  that  time  it  has 
been  and  in  the  future  always  will  be 
"a  beacon  of  peace  and  herald  of  hospi- 
tality." 

The  arch,  an  illustration  of  which  is 
shown  herewith,  weighs  70  tons,  is  80 
feet  in  length  over  all,  and  59  feet  from 
the  street  level  to  the  highest  point.  The 
center  driveway  is  34  feet  wide  and  the 
side  wings  are  11  feet  wide  and  26  feet 
high.  The  seal  of  the  city  and  county  of 
Denver,  shown  at  the  top  above  the  cen- 


cost  of  the  current  is  paid  by  the  city. 

There  is  an  adjustable  drop  sign 
matching  the  design  of  the  arch,  which 
is  patterned  after  the  white  poppy  of 
Colorado,  swung  from  the  center  of  the 
arch,  and  upon  this  can  be  placed,  in  in- 
candescent lights,  the  name  or  motto  of 
the  order  assembled  in  convention.  The 
cost  of  the  current  for  the  drop  sign  is 
always  paid  from  the  convention  fund. 

Thousands  of  tourists  and  delegates 
to  national  conventions  have  passed 
through  this  arch  and  have  marveled  at 
its  beauty  and  commented  upon  the  hos- 
pitality of  a  people  who  in  this  magnifi- 
cent way  welcome  the  stranger  within 
the  gates  of  their  city.  E.  C.  S. 


IN  THE- 


HOUSEHOLD 


THE  ELECTRICAL  VACATION 


OR  days  Ned  and 
Carrie  lived  on  that 
vacation  trip.  At 
each  cosy  meal  as 
well  as  at  all  other 
times  they  followed 
the  route  on  the 
pages  of  the  rail- 
road folders  and  in 
the  big  atlas.  They 
had  planned,  with  much  enthusiasm,  to 
take  the  boat  at  Chicago  for  Georgian 
Bay ;  then  to  go  by  rail  to  Ottawa  and 
Kingston ;  then  by  boat  down  the  St. 
Lawrence,  past  the  Thousand  Islands, 
through  the  La  Chene  rapids  to  Mont- 
real and  the  quaint  old  city  of  Que- 
bec, and  the  big  cliffs  of  the  Saguenay. 
Their  pleasure  was  not  to  end  here,  how- 
ever, for  they  were  to  go  down  through 
Lakes  Champlain  and  George,  down  the 
Hudson  to  New  York,  to  Boston,  Phila- 
delphia, and  to  Baltimore,  where  they 
were  to  run  over  and  visit  Ned's  ances- 
tral home  on  the  eastern  shore. 

So  the  days  wore  on  and  the  charmed 
date  came  nearer. 

Who  was  it  wrote  those  fatal  words, 
"Man  proposes,  but  fate  and  the  boss 
disposes?''  It  does  not  matter  much, 
but  they  have  played  havoc  with  many 
a  long  cherished  plan.  It  was  on  a  warm 
August  evening  that  Ned  stepped  from 
the  car  at  his  corner  and  walked  the  two 
blocks  to  his  home  as  though  he  was 
trying  his  best  not  to  get  there.  Carrie 
was  watching  for  him  and  wondering  at 
his  lateness,  he  was  usually  so  prompt. 
She  saw  him  a  block  away  and  noted 
his  slow  srait. 


uOh,  Ned,  what  is  it?  What's  hap- 
pened ?" 

"It's  all  off,  Carrie.  Jennings  has  left 
and  I  will  not  be  able  to  get  away.  I 
get  a  raise  out  of  it,  but  it  kills  the  trip." 

For  a  moment  she  stood  and  looked 
at  him,  the  great  tears  welling  up  and 
filling  the  soft  brown  eyes.  Then  with- 
out a  word  she  turned  and  taking  his 
arm  with  *  old  time  manner  walked 
with  h:  he  house. 

That  evening  was  a  quiet  and  scarcely 
a  happy  one,  and  next  morning  Ned,  not- 
withstanding the  enlarged  pay  check, 
went  down  town  with  a  heavy  heart  to 
a  decidedly  heavy  task  for  hot  weather. 

It  was  probably  the  heavy  task  in  the 
heat  that  made  him  think  of  it,  for  the 
electric  fan  on  his  desk  carried  his 
thoughts  to  Carrie  at  home  in  the  tiny 
flat  where  he  knew  the  hot  wind  was 
blowing  and  little  relief  to  be  had.  Then 
the  idea  came  to  him  that  as  they  could 
not  use  the  money  so  patiently  saved  as 
they  had  planned,  a  part  of  it  at  least 
could  be  used  to  make  the  summer  happy 
at  home.  So  he  turned  to  his  telephone. 
called  up  the  lighting  company  and  or- 
dered a  fan  sent  to  his  flat.  When  he 
got  home  that  evening  it  was  there,  and 
in  a  moment  it  was  out  of  its  packings 
and  at  work  cooling  the  dining  room. 
And  as  they  ate  their  dinner  in  the  re- 
freshed air  Ned  told  Carrie  of  his  idea 
and  of  its  birth  with  the  fan  on  his  desk. 

"We  saved  the  money  tor  our  sum- 
mer fun,  Carrie."  he  said  as  they  talked 
it  over,  "ami  it  is  no  more  than  fair  to 
use  it  for  our  pleasure  and  com  fort  even 
if  we  do  have  to  stay  at  home  and  work.' 

For    a    moment    Carrie    said    nothing. 
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her  disappointment  was  too  great  to  dis- 
appear in  a  moment,  but  "the  good  sense 
of  Ned's  plan  was  too  apparent  to  pass 
unnoticed  and  she  started  to  reply,  when 
her  eye  caught  sight  of  a  piece  of  paper 
that  lay  on  the  floor  beside  her,  and 
stooping,  picked  it  up  and  with  a  glance 
handed  it  to  her  husband.  It  was  a  lit- 
tle printed  slip  that  had  been  wrapped 
with  the  fan  and  had  fallen  unnoticed,  a 
little  advertisement  setting  forth  the  con- 
venience of  the  electric  flat  iron  as  a 
summer  comforter.  As  soon  as  Ned 
saw  what  it  was  he  read  it  aloud,  ending 
with : 

"All  right,  Carrie,  you  shall  have  one 
tomorrow." 

They  tell  us  that  tomorrow  never 
comes,  but  that  flat  iron  did,  for  Ned 
keenly  felt  Carrie's  disappointment,  and 
was  anxious  to  do  all  in  his  power  to 
relieve  it.  When  he  got  home  in  the 
evening  he  found  Carrie  at  work  with 
the  iron,  her  face  not  wearing  the  heated 
and  tired  expression  that  was  always  a 
part  of  ironing  day,  which  this  happened 
to  be. 

That  evening  they  went  over  the  cata- 
logue of  electrical  household  utensils 
Ned  had  picked  up  at  the  electric  light 
office,  and  as  they  looked  grew  more  and 
more  interested  and  jotted  down  article 
after  article ;  a  chafing  dish  for  making 
rarebits  and  newbergs ;  coffee  percolator 
for  making  their  coffee  right  at  the  table ; 
tea  kettle  to  replace  the  alcohol  heated 
one  Carrie  had  used  until  the  exploding 
alcohol  stove  had  set  fire  to  her  dress  ; 
shaving  mug,  so  Ned  wouldn't  .have  to 
worry  about  his  shaving  water ;  waffle 
iron,  for  Ned  came  from  that  land  of  the 
epicure,  the  eastern  shore  of  Maryland ; 
curling  iron  heater,  so  Carrie  could  heat 
her  iron  without  getting  it  black ;  toast- 
er,- for  use  at  the  table,  and  a  tiny  motor 
for  the  sewing  machine — all  of  them  to- 
gether, including  the  fan  and  flat  iron, 
not  costing  as  much  as  it  would  have 
cost  them  to  get  as  far  as  Montreal  on 
their  trip.  These  they  bought  within  the 
week  and  Carrie  set  up  as  an  electric 
housekeeper,  soon  learning  the  little 
there  was  to  be  learned  about  the  uten- 
sils, and  handling  them  much  more 
easily  and  comfortably  than  ever  she  had 
handled  her  heavier  stove  pieces,  and 
doing  her  work  in  a  kitchen  much  cooler, 


as  there  was  no  radiation  from  a  stove. 

So  their  summer  was  not  so  terrible, 
though  the  beauties  of  Georgian  Bay 
and  the  St.  Lawrence,  the  historic 
charms  of  Champlain  and  the  intense 
human  interest  of  the  great  eastern 
cities  was  not  for  them  just  yet.  And 
each  night  Ned  came  home  to  find  Carrie 
happier  and  brighter  and  less  tired  and 
worn  looking  than  the  early  summer  had 
seen  her,  for  her  little  home  was  more 
comfortable  and  her  work  lighter. 

It  was  on  a  very  warm  night  in  early 
August  that  she  met  him  on  the  steps 
and  leading  him  into  the  refreshing  fan 
cooled  air  of  the  flat,  remarked : 

"Ned,  dear,  do  you  know,  I  almost  am 
glad  we  did  not  go  away?" 

"What !"  was  his  natural  exclamation, 
"Have  you  so  soon  forgotten  the  old  de- 
sire?" 

"By  no  means,  dear  boy,  but  we  could 
not  have  had  these  lovely  electric  things 
if  we  had  gone,  and  you  cannot  realize 
what  they  have  done  for  me  this  hot 
weather.  The  flat  is  so  cool  and  nice  all 
the  time  and  the  work  is  so  easy.  It  has 
been  a  regular  electric  vacation.  Do  you 
know,  the  electricity  that  runs  these 
things  seems  to  ooze  out  of  them  into 
me  and  make  me  feel  just  like  dancing." 
And  catching  her  still  warm  husband  by 
the  arm  she  pirouetted  about  him,  half 
dragging  him  with  her. 

Then  a  brilliant  idea  came  to  Ned. 
"Next  week's  your  birthdav,  Carrie." 

"Yes." 

"We'll  use  these  things  and  have  an 
electric  spread." 

Carry  jumped  at  the  idea.  Sugges- 
tion followed  suggestion.  They  talked 
about  it  through  dinner,  and  all  the  even- 
ing it  was  the  principal  subject  of  con- 
versation. And  when  they  switched  off 
the  last  light  before  giving  up  for  the 
day,  every  detail  was  threshed  out  from 
the  invitations  to  the  croquettes,  and  a 
set  of  minature  decorative  lights  was 
placed  on  the  list  of  supplies  to  be  pur- 
chased. 

The  great  day  came.  The  little  flat 
was  a  bower  of  summer  flowers  and,  al- 
though the  day  was  warm,  the  fan  was 
taken  from  room  to  room  as  needed. 
The  dining  room  was  softly  lighted  with 
the  tiny  decorative  lamps,  the  colored 
lights    gleaming    and    glinting    through 
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the  leaves  and  petals  of  the  plants,  the 
piece  de  resistance  being  a  great  cut 
glass  bowl  filled  with  clusters  of  white 
clematis,  with  the  light  rays  playing 
through  them.  And  everything  was 
electric  except  the  humor  of  the  guests, 
and  that  was  ecstatic. 

It  was  an  evening  affair  and  the 
guests  were  not  many,  the  tinyness  of 
the  flat  seeing  to  that.  But  they  made  a 
jolly  party — old  school  chums  of  Carrie's 
for  the  greater  part.  Some  of  them 
knew  something  of  electric  spread  neces- 
sities, but  some  of  them  knew  nothing, 
so  they  were  the  more  pleased. 

The  fireless  and  flameless  chafer 
cooked  the  croquettes  and  the  equally 
fireless  coffee  urn  brought  the  aromatic 
bean  to  the  acme  of  taste  and  filled  the 
room  with  its  delicate  odor.  The  fairy- 
land appearance  of  the  room  and  the 
daintiness  of  the  viands  pleased  them, 
and  the  simplicity  of  preparation  and 
execution  astonished  them.  So  they 
wondered.  And  their  wonder  led  to  in- 
quiry. And  their  inquiry  led  to  inves- 
tigation. So  the  flat  iron,  the  waffle 
iron,  the  shaving  mug,  the  curling  iron 
heater  and  the  rest  of  the  electric  outfit 
were  brought  out  and  experimented  with 
amid  exclamations  of  delight.  And  when 
it  was  all  over  and  the  front  door  closed 
behind  the  guests,  Carrie  looked  up  into 
the  face  of  her  husband  and  exclaimed : 

"Oh,  Ned,  it  was  just  lovely!" 


WOMAN'S  FIELD  BROADENED  BY 
ELECTRICITY. 

A  phase  of  the  art  of  electrical  engi- 
neering which  has  not  been  fully  con- 
sidered is  the  restoration  of  women  to 
many  trades  from  wdiich  they  were  long 
ousted  by  men.  The  popular  belief  is 
that,  within  a  few  years,  women  have 
largely  encroached  upon  industries  that 
belonged  by  ancient  right  to  men.  Noth- 
ing is  further  from  the  truth.  Within 
a  hundred  years  men  have  almost  elimi- 
nated women  from  industries  in  which 
they  were  once  almost  supreme — for  in- 
stance, spinning,  weaving,  the  making  up 
of  fabrics,  hat  making,  brewing,  baking, 
candy  making,  soap  and  perfumery  ma- 
king, candle  making,  and  many  other 
branches  of  manufacture  in  which  the 
lighter  parts  were  once  wholly  made  by 


women.  In  colonial  times  the  majority 
of  shops  were  kept  by  women,  as  is  the 
case  to-day  in  several  European  coun- 
tries. 

As  soon  as  steam  machinery  came  into 
general  use  in  English  speaking  coun- 
tries, women  were  displaced  in  many  in- 
dustries because  of  the  machinery  re- 
quired. To  compete  with  steam  and  hy- 
draulic machinery  installed  in  all  coun- 
tries during  the  development  of  the  fac- 
tory system  that  followed  the  improve- 
ment of  the  steam  engine  by  Watt,  hand 
looms  and  lathes  were  made  larger,  and 
in  consequence,  heavier,  and  that  neces- 
sitated the  employment  of  strong  men 
or  boys,  and  resulted  in  the  narrowing 
of  the  fields  of  work  for  women.  Since 
the  introduction  of  electric  power  dis- 
tributed over  large  zones  and  at  low  cost 
has  become  general,  and  a  scientific  sys- 
tem of  daylight  and  artificial  illumina- 
tion has  been  introduced,  a  tremendous 
increase  of  employment  for  women  has 
followed  in  factories  and  shops. 

A  number  of  large  employers  of  skilled 
labor  in  important  fields  who  have  been 
interviewed  upon  this  subject  give  it  as 
their  opinion  that  since  the  electric  motor 
and  the  methods  of  gas  and  electric  illu- 
mination have  been  perfected,  the  ratio 
between  men  and  women  in  factories  has 
been  largely  increased  in  favor  of  wom- 
en. Most  of  the  tools  used  in  connection 
with  electric  power  are  light  and  easily 
managed  by  a  deft  person.  Women  are 
quick  to  learn  the  best  methods  of  work- 
ing with  such  tools,  and  they  are  particu- 
larly attracted  to  factories  in  which  such 
machinery  is  used,  as  there  is  an  ab- 
sence of  the  noises  and  the  ill  odors  that 
are  in  shops  and  factories  that  use  old- 
style  steam  machinery  with  dirty  belting 
run  from  shafting  to  machinery  soaked 
with  filthy  lubricants. 

Many  manufacturers  tell  their  friends 
concerned  in  bettering  the  conditions 
about  factories  that  a  factory  which  is 
properly  lighted,  not  too  little,  nor  too 
much,  attracts  and  keeps  a  fine  class  of 
women  workers. 

In  a  very  large,  light  hardware  fac- 
tory in  New  Jersey,  which  is  well  lighted 
with  electric  lamps  depending  from  an 
old  style  type  of  iron  gas  fixtures,  the 
girls   recently   "chipped   in"   and   bought 
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some  rolls  of  parti-colored  tin  foil,  with 
which  they  covered  the  ugly  fixtures,  and 
then  suspended  little  colored  clay  pots 
filled  with  artificial  flowers  from  each 
chandelier  and  bracket.  The  effect  was 
very  pretty,  and  was  so  pleasing  to  the 
president  and  his  fellow  directors  that,  to 
add  to  the  artistic  lighting  effect,  they 
placed  in  the  women's  assembly  room 
where  luncheon  is  served,  a  beautiful  gilt 
chandelier  and  six  brackets,  all  fitted  with 
decorated  glass  shades  good  enough  for 
anybody's  parlor.  These  efforts  to  inter- 
est the  girls  in  their  surroundings  had  a 
marked  effect,  as  will  be  noted  by  the  re- 
marks of  the  president. 

The  president  said  that  the  comment 
of  the  forewoman  to  the  girls  when  the 
beautified  room  was  opened  to  them  for 
the  first  time,  was :  "Oh,  girls,  let  us  try 
to  live  up  to  these  lovely  fixtures."  He 
did  not  realize  the  meaning  of  the  words 
until  some  time  afterward,  when  in  tell- 
ing the  story  to  a  friend  who  is  the  chief 
director  of  a  famous  museum  of  art,  that 
artist  said:  "There  is  a  good  deal  in  that 
remark.  Women  from  the  earliest  days 
of  art  seem  to  have  admired  beautiful 
lamps.  The  proof  is  the  paintings  and 
the  sculptures  that  have  come  down  to  us 
from  the  ancients.  Rude  lamps  were 
good  enough  for  the  soldier  and  for  the 
seats  of  the  law  givers.  But  see  what 
art  was  expressed  in  the  lamps  made  by 
the  Egyptians  and  the  Greeks  and  the 
Romans  for  the  places  where  women 
were  prominent.  Ancient  poetry  and  lit- 
erature abounds  with  references  to  beau- 
tiful lamps.  The  liking  which  women 
in  our  factories  of  to-day  have  for  hand- 
some lighting  fixtures  is  inborn.  It  is  a 
phase  of  the  love  for  the  beautiful  which 
is  making  for  the  uplifting  of  men  and 
women  in  industrial  life.  Modern  light- 
ing has  produced  an  incalculable  amount 
of  good  in  direct  and  indirect  ways  in  in- 
dustrial life.  Statistics  of  crime  show  that 
in  all  cities  that  have  introduced  perfect- 
ed systems  of  street  lighting,  crime  has 
diminished.  A  remarkable  verification  of 
the  truth  of  the  scriptural  words,  'They 
prefer  darkness  rather  than  light,  because 
their  deeds  are  evil.'  Perfected  lighting 
in  shops  and  factories  has  led  to  other 
improvements  which  have  resulted  in  bet- 
ter feeling  between  employers  and  em- 
ployes." 


THE    ELECTRIC   MOTOR   IN   THE    HOME. 

A  small  portable  motor  in  the  home 
can  be  made  to  perform  such  a  variety 
of  operations  that  there  hardly  seems  to 
be  an  excuse  for  its  absence  in  these  days 
of  moderate  priced  machines  and  cheap 
electric  power. 

When  you  analyze  the  unpleasant  part 
of  housekeeping,  if  you  can  do  away  with 
the  labors  of  washing  day  nothing  else 
would  seem  to  matter  much.  The  pic- 
ture of  the  motor  operated  washing  ma- 
chine is  not  at  all  overdrawn.  Any  house- 
keeper can  do  her  own  washing  with 
little  or  no  labor.     After  the  washer  is 


THE    MODERN    WASH    DAY. 

filled  and  the  electric  current  turned  on, 
she  is  free  to  attend  to  her  sewing  or 
other  work  for  10  or  15  minutes,  as  the 
washing  will  take  care  of  itself  and  the 
clothes  will  come  out  absolutely  clean 
without  any  wear  or  tear.  The  small 
Steiner  motor  on  its  portable  stand  is 
moved  up  and  connected  in  a  moment  to 
the  shaft  of  the  washing  machine.  Elec- 
tricity does  the  rest. 

When  the  clothes  are  clean  the  motor 
may  be  connected  to  the  wringer  shaft 
and  the  otherwise  arduous  task  of  wring- 
ing the  clothes  is  accomplished  with  a 
minimum  of  labor. 

The  motor  also  finds  an  equally  useful 
application  in  culinary  operations.  There 
are  many  fine  dishes  which  require  minc- 
ing of  meats  and  vegetables.    Applied  to 
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a  mincing  machine,  as  shown  in  one  of 
the  cuts,  the  motor  will  turn  out  fine 
mincemeat,  home  made  sausage,  Ham- 
burger steak,  and  prepared  materials  for 
croquettes.  The  cutter  may  be  attached 
instantly  to  any  table  and  the  adjusting 
of  the  motor  is  but  the  work  of  a  mo- 
ment. 

Don't  wear  your  few  years  of  life 
away  when  you  can  get  a  machine  to  do 
it  the  modern  way.  While  a  motor  may 
be  classed  as  a  luxury  by  some,  it  is  real- 
ly an  economical  necessity.  A  strain  or 
overwork  to  women  often  means  years 
of  illness  and  expense  which  can  be 
avoided  by  spending  a  fewv  dollars  in 
proper  conveniences. 

The  motor 'will  make  ice  cream  in  ten 
minutes — the  finest  you  ever  ate.  Whips 
cream  better  than  by  hand.  It  is  no 
trouble  at  all  to  make  ice  cream  and  ices 
with  this  outfit.  There  is  nothing  which 
is  so  wholesome  and  so  much  appreci- 
ated as  pure  home  made  ice  cream.  Let 
the  children  eat  as  much  as  they  want  of 
it  because  it  will  not  make  them  sick,  as 
adulterated  factory  ice  cream  is  liable  to 
do. 

Just  set  the  freezer  on  a  box  or  chair 
and  adjust  the  motor  shaft  and  you  will 
not  have  to  go  near  it  again  until  the 
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cream  is  cione.  No  need  of  holding  or 
bolting  £ne  freezer,  as  it  will  stand  by 
itself. 


ARRANGEMENT  OF  DINING  ROOM  LIGHTS. 

~$o  room  in  the  house  is  deserving  of 
more  attention  in  the  matter  of  cheerful 
and  abundant  lighting  than  the  dining 
room.     The  evening  meal  is  perhaps  the 
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only  one  during  the  day  at  which  the  en- 
tire family  congregates  to  throw  oil'  the 
cares  of  the  day  and  linger  around  the 
table,  and  a  well  lighted  room  adds 
much  to  the  feeling  of  comfort  and 
good  cheer. 

An  example  of  good  light- 
ing is  shown  in  the  beauti- 
fully furnished  dining  room 
illustrated  herewith.  The 
ceiling  lights  give  ample 
general  illumination  to  set 
off  the  sideboard  and  other 
furnishings.  The  center  fix- 
ture which  is  suspended 
from  the  ceiling  casts  a 
cheerful  and  more  intimate 
radiance  over  the  table  it- 
self. This  ornamental  fix- 
ture contains  electric  lamps 
within  the  shade,  while 
candelabra  effect  is  obta- 
in- the  electric  "candles"  ar- 
ranged around  the  outside  of 
the  shade. 


JUNIOR. 
SECTION 


SIMPLE  CURRENT  DETECTOR  FOR  WIRE- 
LESS WORK. 

To  boys  experimenting  in  wireless 
telegraphy  it  might  be  valuable  to  know 
how  to  make  a  simple  current  detector, 
to  be  used  in  place  of  a  coherer  in  the 
receiver.  A  very  simple  and  effective 
current  detector  may  be  made  practi- 
cally without  cost  in  the  following  man- 
ner : 

Secure  the  carbons  out  of  two  old  bat- 
tery cells.  After  cleaning  them  thor- 
oughly cut  them  off  about  an  inch  and  a 
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FIG.    1. 

half  down  from  the  binding  posts.  Then 
grind  their  ends  in,  concave,  to  the  depth 
of  about  half  an  inch,  as  shown  in  Fig. 
I.  Mount  the  two  pieces  on  small 
blocks   about   an    inch   long   by  half   an 


FIG.    2. 

inch  high.  Glue  the  blocks  on  a  base 
of  suitable  dimensions  (Fig.  2)  so  that 
the  ends  of  the  carbons  are  about  one- 
eighth  of  an  inch  apart.  Place  a  com- 
mon sewing  needle  between  the  carbons 
and  the  current  detector  is  ready  to  be 
connected  as  shown  in  Fig.  3. 


This  detector  is  connected  in  the  same 
way  as  the  coherer  which  was  described 
in  the  May  issue  of  Popular  Electricity 
in  the  article  by  Mr.  Laughter. 

One  advantage  of  this  detector  is  that 
it  eliminates  the  use  of  a  tapper  on  the 


coherer.  A  telephone  receiver  or  Morse 
recorder  may  be  used  on  the  relay  in- 
stead of  a  bell  tapper.  If  dust  is  kept 
off  the  carbons  this  detector  will  prove 
satisfactory. 

References  to  Fig.  3  are:  (A),  bind- 
ing posts;  (B),  battery;  (R),  relay; 
(S),  receiver,  or  Morse  recorder.  It 
might  be  well  to  state  that  (B2)  had  best 
be  a  crowfoot  battery. 

E.  J.  Friedlander. 


LAMP  RHEOSTAT  FOR  110  VOLTS. 

After  the  boy  who  is  using  electric 
lighting  current  in  his  experiments  has 
made  a  small  switchboard  (as  described 
in  July  issue)  to  quickly  and  easily 
manipulate  the  current,  he  will  need 
some  piece  of  apparatus  to  regulate  the 
quantity  of  current.  The  apparatus  uni- 
versally employed  for  this  purpose  is  the 
rheostat,  the  best,  cheapest  and  most 
easily   made   form   of   which   is   that   in 
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which   incandescent   lamps   are   used   for 
resistance. 

The  material  required  for  making  the 
one  shown  in  Fig-.  1  is  a  dry,  hardwood 
board,  20  inches  long  by  10  inches  wide  ; 
ten  Edison  base  receptacles  (the  cheapest, 
with    exposed    bind- 
ing screws  will  an- 
swer) ;     10     16-can- 
dlepower     incandes- 
cent lamps  ;  1 1  one- 
point      wood  -  base 
switches  ;  two  small 
and  two  large  bind- 
ing posts,  and  some 
wire.      The    cost   of 
above  should  not  ex- 
ceed   $2.50    without 
the      lamps,      which 
may  be   taken  from 
fixtures  in  the  house. 

The  ten  recepta- 
cles, (Rx),  (R2)  — 
(R10),  the  two  small 
binding  posts,  (P) 
and  (P)  and  the 
two  large  binding  posts,  ( B )  and 
(B')  should  all  be  fastened  to  the 
board  in  the  positions  shown  in  Fig. 
2,  then  the  bases  from  the  11  switches 
should  be  removed  and  the  arms  and 
points  (MS),  (SJ,  (So)  —  (S10)  mount- 
ed on  the  board  as  shown.  ( These 
switches  may  be  screwed  to  the  board  on 
their  bases  if  time  is  short  and  best  ap- 
pearance is  not  desired).  The  connec- 
tions shown  by  the  dotted  lines  are  to  be 
made  with  annunciator  wire  fastened  to 
the  under  side  of  board  by  staples,  and 
passed  throught  holes  in  the  board  to  the 
binding  screws.  Small  pieces  of  wood 
should  be  fastened  to  the  under  side  of 
board  at  the  corners  to  keep  the  wires 
from  touching  any  surface  upon  which 
the  board  is  resting.  A  piece  of  rive  am- 
pere fuse  wire,  (F),  should  be  connected 


between  the  posts  (P)  and  (P')>  and  the 
wires  (W)  and  (W)  run  to  the  binding 
posts  of  the  switchboard  or  to  a  socket. 
while  (L)  and  (L'j  are  connected  to  a 
small  motor  or  any  other  apparatus  it  is 
desired  to  operate. 

Supposing  a  motor  is  connected  to 
(L),  (L'j,  the  lamps  having  been  put 
into  the  receptacles,  and  (MS)  turned 
on.  Now  if  (Sx)  is  turned  on,  the  lamp 
in  (Ri)  will  light,  and  the  motor  run 
slowly;  if  (S2)  is  also  thrown  on,  the 
lamp  in  (R2)  will  light,  and  the  motor 
will  run  faster ;  and  so  on  for  all  the 
switches.  If  (MS)  is  turned  off  the  cur- 
rent ceases  to  pass  through  the  lamps  and 
motor.    About  four  lamps  are  enough  to 
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CONNECTIONS  OF  LAMP  RHEOSTAT. 


run  a  small  motor  at  a  high  speed,  so  if  it 
is  desired  to  operate  only  a  small  motor, 
as  for  a  toy  electric  railway,  a  rheostat 
with  but  four  or  five  lamps  and  switches 
should  be  made  along  the  same  lines.  A 
10-lamp  rheostat  should  be  made  where 
it  is  desired  to  operate  a  small  arc  lamp. 
or  produce  strong  electromagnets,  or 
heat  hue  wire.  With  a  lamp  rheostat  one 
always  knows  how  much  current  is  pass- 
ing because  one  l6^candlepower  lamp 
passes  j  2  ampere,  two  pass  one  ampere. 
10  pass  rive  amperes,  etc. 

This  simple  piece  of  apparatus   works 
on    the   same   principle   as    the    regi 
motor  starting  rheostat  now  in  commer- 
cial   use.    the    principal   difference    tw 
that    the    lamps    take    the    place    of    c 
of  resistance  wire. 

Louis  1 1.  Roller. 
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CURRENT  DETECTOR  FOR  RELAYS. 

In  the  operation  of  relays  used  in  tele- 
graph work  the  condition  of-  a  partial 
ground  on  the  line  may  reduce  the  cur- 
rent flowing  through  the  relay  coil  to 
such  an  extent  that  the  armature  will 
not  be  attracted.  If  the  operator  knows 
that  such  a  ground  exists  he  may  rem- 
edy  the   trouble   by   adjustment    of   the 

THREAD 
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very  first  trial,  this  result  was  attained. 

Sixteen  eggs  were  placed  under  the 
glass  cover  of  a  stock  ticker  in  the  op- 
erating room  of  the  telegraph  office,  with 
an  electric  wire  connection  to  furnish 
the  heat,  a  thermometer  to  record  the  de- 
grees and  a  thermostat  to  watch  the  ther- 
mometer. The  apparatus  was  set  at  work 
and  after  three  weeks   16  little     chick- 
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CURRENT   DETECTOR  FOR  RELAYS. 


spring  which  holds  the  armature.  Nine 
times  out  of  ten,  however,  he  does  not 
know  of  the  trouble  and  he  consequently 
believes  that  no  one  is  on  the  line,  where- 
as other  stations  may  be  trying  to  call 
him. 

A  very  simple  device  to  warn  the  op- 
erator that  there  is  a  ground  on  the  line 
and  that  feeble  impulses  of  current  from 
other  stations  are  flowing  through  his 
relay,  is  shown  in  the  accompanying  dia- 
gram, which  illustrates  a  scheme  thought 
of  by  Mr.  Geo.  W.  Richardson  of  Chi- 
cago. The  device  consists  of  needle,  sus- 
pended within  a  glass  tube  by  a  thread 
passing  through  the  cork.  The  tube  is 
mounted  near  the  relay  spool  and  even 
a  feeble  current,  too  insignificant  to  at- 
tract the  armature  (C),  will  cause,  the 
needle  to  swing  back  and  forth.  This 
attracts  the  attention  of  the  operator, 
who  then  adjusts  the  spring  (A)  to  a 
less  tension  so  that  the  armature  will  be 
attracted  and  the  message  may  be  read. 


ens  were  found  under  the  glass,  all  well 
and  happy. 


CHICKENS  HATCHED  IN  A  STOCK  TICKER. 

William  Adams,  a  telegraph  operator 
of  Columbus,  Ohio,  is  sure  that  his  in- 
vention for  hatching  chickens  is  better 
than  an  incubator  or  the  old-fashioned 
hen,  because  these  agencies  of  incuba- 
tion never  claim  to  make  a  ioo  per  cent 
hatch,  whereas  by  his  invention,  on  the 


NOVEL  WIRELESS   TELEPHONE. 

Quite  a  lot  of  interest  is  being  shown 
at  the  present  time  in  the  new  art  of 
wireless  telephony  and  it  is  very  interest- 
ing to  follow  out  other  novel  means  by 
which  articulate  speech  can  be  transmit- 
ted without  the  usual  connecting  wires. 

Many  readers  of  the  Junior  Section 
are  familiar  with  the  plan  of  grounding 
the  terminals  of  a  battery  and  transmit- 
ter, with  grounds  say  25  feet  apart  at  a 
depth  of  about  five  feet.  By  grounding 
the  terminals  of  a  telephone  receiver  ex- 
actly opposite,  and  at  the  same  distance 
apart,  the  words  spoken  in  the  transmit- 
ter will  be  clearly  heard  at  the  receiver. 
This  plan  can  be  changed  by  a  novel 
method  of  driving  two  common  nails  in 
trees  and  soldering  onto  the  nails  the  ter- 
minals of  the  telephone  receiver,  it  being 
supposed  that  the  trees  are  far  enough 
apart  for  good  results.  If  the  trees  are 
a  distance  of  25  feet  apart  the  transmit- 
ter is  placed  at  this  distance  from  them 
and  grounded.  When  the  words  are 
spoken  in  the  transmitter  a  wave  motion 
is  set  up  which  is  picked  up  by  the  roots 
of  the  trees  and  the  sap,  which  is  partial 
conductor,  and  led  up  to  the  receiver, 
where  the  words  are  reproduced. 
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HOW  TO  INSTALL  ELECTRIC  BELLS. 

Installation  of  electric  bells  is  a  very 
simple  operation  and  does  not  require 
the  services  of  an  expert  electrician. 
Any  boy  in  fact  may  become  the  "bell 
engineer''  of  the  household  and  soon  be- 
come advanced  enough  along  this  line  to 
install  bells  in  his  own  home  as  well  as 
his  neighbors. 

Considering  that  a  bell  is  desired  in 
the  bedroom  and  the  push  button  to  be 
located  on  the  front  door,  and  the  dis- 
tance is  35  feet.  For  this  will  be  need- 
ed about  40  feet  of  duplex  braided  wire, 
allowing  five  feet  for  connections  and 
waste  ; ;  one  common  wood  push  button  ; 
electric  bell ;  two  dry  cells ;  double  point- 
ed tacks  ;  screwdriver  ;  hammer ;  plyers, 


Pusfi  Button 


Battery 


SO 


and  drill.  All  of  the  above  named  sup- 
plies can  be  bought  from  any  local  elec- 
trical dealer,  while  the  tools  are  usually 
found  around  the  house. 

Begin  by  placing  the  push  button  at  the 
desired  place  on  the  front  door  frame. 
The  ends  of  the  braided  wire  are  now  run 
through  a  hole  drilled  in  the  door  frame, 
directly  behind  the  push  button.  The 
insulation  of  cloth  and  rubber  is  now 
scraped  off  of  the  wires  one-half  inch, 
and  the  bare  ends  screwed  under  the  two 
screws  which  are  visible  on  the  push  but- 
ton when  the  cover  has  been  removed. 
The  wire  is  now  tacked  up  along  the 
wall  to  the  place  where  the  batteries  are 
to  be  placed.  The  batteries  should  be 
placed  in  a  perfectly  dry  place. 

One  side  of  the  wire  is  now '  cut  and 
the  insulation  scraped  off  from  the  two 
ends  as  for  the  push  button.  The  bat- 
teries are  connected  up  with  the  carbon 
pole  to  the  zinc  as  shown  in  the  dia- 
gram, in  which  the  carbon  pole  is  rep- 
resented by  the  long  thin  lines,  the  zinc 
by  the  short  heavy  ones.  The  free  bind- 
ing posts  of  the  batteries  are  connected 
to  the  two  wires' cut  and  scraped  for  this 
purpose.  The  two  wires  arc  then  con- 
tinued on  to  the  bell  and  the  free  ends 
connected  to  its  two  binding  posts. 


BOOK  REVIEWS. 

Engineers  Charts.  By  Joseph  G. 
Branch.  Chicago:  Rand,  McNally  & 
Co.  1908.  75  pages  with  25  illustra- 
tions.    Price  $1.00. 

These  charts  are  valuable  to  any  op- 
erating engineer  since  they  present  to 
him  in  direct  and  simple  form  the  theory 
and  development  of  the  steam  boiler,  the 
steam  engine  and  the  electric  generator. 
The  book  is  divided  into  three  parts  un- 
der the  above  three  headings  and  con- 
sists of  a  series  of  charts  in  colors,  rep- 
resenting each  step  in  the  development 
of  the  boiler,  engine  and  generator,  ac- 
companied by  full  explanatory  text.  For 
example,  the  story  of  the  electric  genera- 
tor begins  with  Oersted's  discovery  in 
1819  of  the  relation  of  electricity  and 
magnetism.  Then  come  Faraday's 
famous  experiments  extending  over  a 
period  of  10  days  in  which  he  discov- 
ered the  great  principle  of  magneto  in- 
duction, leading  in  his  last  experiment 
to  the  construction  of  an  actual  working 
dynamo.  From  there  on  the  develop- 
ment of  the  modern  dynamo  is  explained 
in  the  same  graphic  manner.  The  treat- 
ment of  the  steam  boiler  and  the  steam 
engine  is  taken  up  in  much  the  same 
manner.  The  author  is  to  be  com- 
mended upon  the  originality  of  his  treat- 
ment of  these  subjects,  and  so  clear,  sim- 
ple and  instructive  are  his  explanations 
that  the  book  will  be  great  fully  received 
by  the  busy  engineer  who  wishes  to  be 
informed  on  the  principles  which  under- 
lie the  machinery  which  he  handles,  and 
who  finds  the  reading  of  heavy  textbooks 
on  the  subject  an  effort  after  a  hard 
day's  work. 


Practical  X-Ray  Therapy.  By  No- 
ble M.  Eberhart,  M.  D.     Chicago:  G.  P. 

Engelhard  &  Co.     IQ07.     135  pages,  with 
20  illustrations.     Price.  $1.00, 

The  busy  practitioner  who  has  installed 
an  X-ray  outfit  in  his  office  will  find  this 
a  good  working  manual  covering  the 
practical  application  of  the  Roentgen  ray 
to  diseased  conditions.  What  diseases 
can  it  be  used  in  ?  Docs  it  cure  them  or 
only  give  temporary  benefit  ?  Mow  long 
and  by  whom  has  it  been  used  success- 
fully? Shall  a  high  or  low  tube  be  used, 
and  how  far  shall  it  be  placed  from  the 
patient?     How  long  and  how  often  shall 
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the  treatments  be  given?  These  and 
many  other  practical  questions  the  author 
has  answered  satisfactorily. 


ABC  of  the  Telephone.  By 
James  E.  Homans.  1908.  346  pages 
with  268  illustrations.     Price  $1.00. 

This  is  the  second  edition  of  a  book 
which  has  already  met  with  favor  among 
those  interested  in  any  phase  of  the  tele- 
phone industry.  It  contains  29  chapters 
covering  the  principle  features  of  tele- 
phone engineering  practice  including  a 
brief  survey  of  the  theory  of  sound  and 
its  telephonic  reproduction,  the  con- 
struction of  telephone  apparatus,  switch- 
boards, battery  systems,  circuits,  line 
construction,  etc.  It  is  a  thoroughly 
practical  book  and  the  new  edition  has 
been  revised  and  brought  into'  keeping 
with  the  latest  developments  in  the  tele- 
phone field.  For  sale  by  Popular  Elec- 
tricity Publishing  Company. 


Stationary  Engineering,  Vols.  I, 
II  &  III.  By  Joseph  G.  Branch.  Chi- 
cago:  Rand,  McNally  &  Co.  1908.  393, 
3J3  and  273  pages  and  126,  125  and  68 
illustrations,  respectively.  Price,  $2.50 
per  volume. 

The  day  is  not  far  distant  when  sta- 
tionary engineering  as  a  profession  will 
be  considered  as  one  of  the  most  impor- 
tant branches  of  engineering,  and  the 
stationary  engineer  worthy  of  the  high- 
est reward  for  his  services  and  well- 
known  devotion  to  his  duties.  This 
work  is  written  by  a  man  who  is  not 
only  thoroughly  grounded  in  engineer- 
ing theory  but  has  close  knowledge  of 
stationary  engineering  from  practical  ex- 
perience and  experience  as  chief  of  the 
Department  of  inspection  of  boilers  and 
elevators,  and  as  member  of  the  board  of 
examining  engineers  of  St.  Louis.  Vol. 
I  is  a  practical  and  thorough  book  on  the 
construction,  operation  and  management 
of  the  different  tvpes  of  steam  boilers 
and  their  attachments.  The  development 
of  the  steam  boiler  is  shown,  from  the 
crude  apparatus  of  Newcomen,  known 
as  the  "Balloon  Boiler,"  to  the  most  mod- 
ern types  of  both  fire  and  water  tube 
boilers.  Vol.  II  presents  in  a  compact 
form  the  principles  which  underlie  a 
thorough  knowledge  of  power  and  heat- 
ing plants,  together  with  such   data  on 


the  subject  of  mechanical  and  electrical 
engineering  as  is  deemed  essential  to  the 
successful  operation  of  power  and  heat- 
ing plants.  Vol.  Ill  fully  describes  the 
process  of  mechanical  refrigeration,  and 
the  construction  and  operation  of  every 
type  of  the  modern  elevator  and  steam 
turbine,  making  it  an  invaluable  hand. 
book  for  the  engineer. 


A  Brief  Guide  to  Vibratory  Tech- 
nique. By  Noble  M.  Eberhart,  M.  D. 
Chicago:  G.  P.  Engelhard  &  Co.  1908. 
122  pages,  with  one  illustration.  Price, 
$1.00. 

This  handy  little  working  manual  will 
be  appreciated  by  the  busy  physician  who 
is  employing  vibration  in  his  practice.  It 
gives  just  enough  theory  to  make  the 
technique  intelligible,  but  does  not  tire 
the  reader  with  too  lengthy  particulars ; 
while  the  technique  is  careful  in  detail 
and  gives  all  necessary  working  points, 
progressively  arranged.  The  author  is 
head  of  the  Department  of  Electro- 
therapy of  the  Chicago  College  of  Medi- 
cine and  Surgery. 


On  the  Canal  Zone.  By  Thomas 
G.  Grier.  1908.  158  pages,  with  150 
illustrations.     Price,  $1.00. 

The  exact  condition  of  affairs  on  the 
Canal  Zane  is  set  forth  in  an  entertain- 
ing manner,  and  thoroughly  by  one  who 
has  spent  considerable  time  investigating 
the  work  on  the  great  canal.  The  author 
is  well  and  favorably  known  to  the  elec- 
trical public  and  is  an  author  of  repute 
on  subjects  outside  of  the  electrical  field. 
Work  on  the  Panama  Canal  is  being 
pushed  at  the  present  time  with  vigor 
and  characteristic  American  enterprise. 
A  book  of  this  sort,  carefully  prepared  by 
a  consciencious  observer  will  therefore 
meet  with  the  favor  of  the  reading  pub- 
lic. Orders  for  the  book  will  be  receiv- 
ed by  Popular  Electricity  Publishing 
Company. 


There  are  6,300  electric  lamps  installed 
on  the  Lusitania,  giving  the  enor- 
mous total  of  over  100,000  candlepower. 
For  heating  the  first-class  quarters  60 
electric  radiators  have  been  fitted,  to  say 
nothing  of  some  43  heaters  in  bathrooms 
tor  use  during  the  cold  weather. 


NEW    ELECTRICAL    INVENTIONS 


METHOD  OF  MEASURING  LIGHT. 

It  is  important  for  large  users  of  in- 
candescent lamps  to  know  whether  or 
not  the  product  which  they  buy  is  up  to 
standard  as  regards  candle  power.  Sim- 
ilarly the  manufacturer  must  ascertain 
whether  his  output  is  of  uniformly  high 
grade.  This  has  led  to  the  develop- 
ment of  an  important  branch  of  electrical 
engineering,  i.  e.,  photometry.  In  mak- 
ing a  phometrical  test  of  a  lamp  to  ascer- 
tain its  candle  power  it  is  common  prac- 


measured  is  shown  at  (E).  Light  from 
the  lamp  passes  through  a  hole  in  the 
screen  (F)  and  falls  upon  the  selenium 
cell  (B)  at  a  fixed  distance  from  the 
source.  Selenium  is  a  substance,  some- 
thing like  sulphur,  the  electrical  resist- 
ance of  which  varies  widely  with  the 
strength  of  the  light  which  falls  upon  it. 
This  cell  is  placed  in  circuit  with  a  bat- 
tery (A)  and  a  voltmeter  (C)  is  con- 
nected across  the  two  terminals  of  the 
cell.      Some    current   flows    through    the 


tice  to  compare  the  intensity  of  light 
which  it  gives  with  that  given  by  a 
standard  lamp  of  known  candlepower. 
Such  tests,  however,  have  the  disadvant- 
age of  the  fallibility  of  the  human  sight. 
No  two  persons  see  exactly  alike  and 
therefore  photometer  tests  or  compari- 
sons made  by  different  persons  mav  not 
agree. 

William  J.  Hammer  of  New  York 
City,  a  well  known  electrical  engineer, 
has  patented  a  system  by  means  of  which 
the  measurement  of  light  is  reduced  to 
an  exact  mechanical  process.  The  ac- 
companying diagram  shows  his  appa- 
ratus. 

The     lamp     whoso     light     is     to     be 


cell  all  the  time  and  the  resistance  of 
the  cell  causes  a  drop  of  potential,  or  in 
other  words  a  difference  in  electrical 
pressure  or  voltage  between  the  two  ter- 
minals of  the  cell.  The  needle  of  the 
voltmeter  registers  this  drop  in  pres- 
sure. Now  when  light  from  the  lamp 
falls  on  the  cell  the  resistance  is  changed 
and  the  voltmeter  reading  is  different. 
Standard  lamps  are  first  used  to  calibrate 
the  voltmeter,  the  scale  being  marked  so 
as  to  show  where  the  needle  point  falls 
for  lamps  of  different  known  candlepow- 
ers.  Then  the  device  is  ready  for  the 
testing  of  unknown  lamps.  An  unknown 
lamp  is  put  in  position  ;  the  light  falls  on 
the  cell ;  the  voltmeter  needle  is  deflect- 
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ed,  and  then  the  candlepower  of  the 
lamp  may  be  read  directly  from  the  volt- 
meter scale. 


ELECTRIC  HEATING  PAD. 

Electric  heating  pads  to  be  used  in 
place  of  the  old-fashioned  hot  water  bot- 
tle meet  with  universal  favor  as  they 
maintain  an  even  temperature  for  any 
length  of  time  desired  and  never  leak. 
In  order  absolutely  to  prevent  any  dan- 
ger of  the  pad  becoming  heated  above 
the  danger  point  it  is  desirable  to  furnish 
the  pad  with  an  automatic  arrangement 
whereby  the  heating  coils  will  be  cut  out 
when  their  temperature  rises  above  a 
certain  predetermined  point. 

A  safety  device  for  the  above  purpose 
has  been  patented  by  William  S.  An- 
drews   and   Henry    T.    Manner,    both   of 


Schenectady,  N.  Y.,  and  consists  of  a 
thermostat  arrangement  located  within 
the  pad,  also  a  cut-out  which  opens  the 
circuit  in  case  the  thermostat  fails  to 
operate.  The  cut-out  consists  of  thin 
strips  of  metal  in  the  circuit  of  the  heat- 
ing wires.  These  strips  are  held  to- 
gether by  a  low-fusing  solder.  If  the 
thermostat  refuses  to  operate  and  the 
temperature  rises  high  enough  to  melt 
the  solder,  the  two  strips  fly  apart  and 
open  the  circuit. 


PHYSICIANS  ELECTRIC  HEADLIGHT. 

A  unique  novelty  recently  invented  by 
a  Maryland  man  is  the  headlight  shown 
in  the  illustration,  for  use  more  especi- 
ally by  physicians  and  surgeons.  The 
light  is  carried  on  the  head  of  the  wear- 
er, the  rays  are  obscured  from  the  eye, 
but  are  thrown  on  the  object  under  ex- 
amination, such,  for     instance,     as     the 


larynx  of  a  patient.  The  headlight  is  at- 
tached to  a  spring  clip  adapted  to  fit  the 
head  of  wearer.  At  the  back  of  the  head 
is  an  enlarged  plate,  to  which  connection 
can  be  made  to  a  convenient  electric  light 
socket  to  obtain  the  necessary  electrical 
current.  In  the  headlight  is  a  lens  for 
concentrating  the  rays  and  by  which  the 
light  from  the  lamp  can  be  focused  on 
any  desired  spot.  A  reflector  is  also 
placed  in  the  headlight.  This  simple  and 
effective  device  can  be  readily  applied 
and  removed  and  does  not  interfere  in 
any  way  with  the  movements  of  the 
wearer. 


NEW  ELECTRIC  HEATER. 

A  new  scheme  for  electric  heating  is 
to  use  an  ordinary  stove  in  which  elec- 
tric heating  units  are  used  in  the  fire  box 
instead  of  coal  or  wood.  The  interior  of 
the  stove  comprises  an  electric  radiator, 
which,  owing  to  the  air  circulation  pro- 
duced by  draft,  will  raise  it  rapidly  to  a 
high  temperature,  producing  an  accumu- 
lation  of  heat. 


QUESTIONS  AND  ANSWERS. 

Readers  of  Popular  Electricity  are  invited  to  make  free  use  of  this  department. 
Knowledge  on  any  subject  is  gained  by  asking  questions,  and  nearly  every  one  has  some 
question  he  would  like  to  ask  concerning  electricity.  These  questions  and  answers  will  be 
of   interest  and   benefit  to  many  besides   the  one  directly  concerned. 


ROTATION  INDICATOR. 

Question. — I  wish  to  make  an  instrument 
to  tell  me  when  a  three-phase,  60-cycle  power 
circuit  has  been  reversed.  In  other  words,  a 
small  instrument  designed  for  220  volts,  60- 
cycle  three-phase,  so  I  can  connect  the  three 
wires  to  it  and  get  the  direction  of  rotation 
before  and  after  the  change. — H.  H.  P. 

Answer. — Take  an  aluminum  cup 
from  a  small  Fort  Wayne  meter  and 
mount  between  two  ordinary  steel  bear- 
ing's.    Place   around  it  an  iron  ring  or 
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frame  with  three  iron  poles  projecting 
inwardly  very  close  to  the  disk.  The 
poles  should  be  120  mechanical  degrees 
apart. 

Wind  on  each  pole  about  2,000  turns 
of  No.  26  magnet  wire  and  connect  in 
start;  that  is,  connect^the  inner  ends  to- 
gether and  bring  the  outer  ends  of  coils 
each  to  a  separate  terminal  for  line  con- 
nections. Inside  of  the  aluminum  cup 
place  an  iron  ring  which  will  fit  close  to 
the  inside  of  the  cup  without  interfering 
with  the  rotation  of  the  cup.  The  alum- 
inum cup  will  rotate  in  a  direction  de- 
pending upon  the  rotation  of  the  three 
phase  circuit.  The  size  of  the  iron  ring 
inside  of  the  cup  and  the  iron  frame  out- 
side can  be  determined  from  the  size  of 
the  aluminum  cup  that  is  used. 


The  current  should  not  be  left  on  the 
instrument  any  longer  than  is  necessary 
to  get  the  rotation  of  the  line,  to  prevent 
overheating  of  coils.  If  the  coils  should 
heat  too  much,  even  when  current  is  on 
for  short  periods,  additional  resistance 
can  be  added  in  series  with  each  coil  to 
cut  down  current. 

If  the  questioner  finds  this  instrument 
too  difficult  to  construct  we  can  refer 
him  to  parties  who  manufacture  rotation 
indicators  at  a  moderate  price. 


CAN   A    BASEBALL    TAKE   UP    LINES    OF 
FORCE? 

Question. — During  a  few  hours  recreation 
my  brother  and  myself  were  playing  catch  in 
the  street  in  front  of  my  home,  and  I  threw 
a  regulation  league  $1.25  ball.  In  ascending 
it  struck  a  primary  wire  of  a  circuit  and  the 
ball  seemed  to  adhere  to  the  wire,  and  fol- 
lowed the  wire  for  a  distance  of  10  feet  or 
more  on  the  under  side.  How  would  you  ac- 
count for  the  phenomenon?  The  only  way  I 
see  would  be  that  the  ball  in  rotation,  and  be- 
ing made  of  compressed  yarn,  took  up  some 
of  the  lines  of  force  about  the  wire,  and  hap- 
pened to  be  whirling  in  the  direction  of  the 
flux,  or  field,  and  as  a  consequence  was  held 
to  the  wire  till  the  speed  of  the  revolution 
decreased,  then  dropped. — C.  B.  T.,  Kokomo, 
Ind. 

Answer. — Your  explanation  of  the 
phenomenon  is  wrong.  Although  there 
are  magnetic  lines  of  force  surrounding  a 
wire  carrying  current  they  have  no  effect 
on  such  materials  as  yarn,  leather,  etc.. 
of  which  a  baseball  is  made.  The  reason 
the  ball  followed  the  wire  was  no  doubt 
due  to  the  fact  that  when  it  struck  the 
wire  it  was  rotating  rapidly  in  a  direction 
to  overcome  the  reaction  or  "bounce" 
which  would  naturally  follow.  The  phe- 
nomenon may  be  more  readily  noticed  in 
a  tennis  ball.  If  you  "cut"  the  ball  so 
that  it  rotates  rapidly  in  a  certain  direc- 
tion, when  it  strikes  it  will  spin  along  the 
ground  without  bounding  at  all.  Cut  it 
so  that  it  rotates  in  the  opposite  direction 
and  it  will  bound  in  a  much  more  pro- 
nounced manner,  sometimes  back  toward 
the  server. 
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HOW  TO  WIRE  A  TELEPHONE  SET. 

Question. — Kindlv  publish  in  the  Ques- 
tion and  Answer  Department  how  to  wire  a 
telephone  set  having  but  two  lines,  these  two 
lines  to  be  used  for  ringing  and  talking  cir- 
cuits, using  battery  for  ringing. 

Answer. — A  simple  circuit  for  such  a 
set  is  shown  in  the  diagram.  (A)  rep- 
resents a  switch,  (B)  a  common  push 
button,  (C)  a  single  point  switch,  (D)  a 
telephone  transmitter,  (E)  the  batteries, 
and  (F)  an  electric  bell.  When  not  in 
use  the  switch  (C)  is  left  closed.  To 
call  station  (N)  open  switch  (C)  and 
press  button  (B)  which  will  allow  the 
current  from  the  batteries  to  flow  out  on 
the  line  and  ring  the  bell  at  station  (N). 
The  operator  on  answering  opens  switch 
(C),   and   picks  up  the   receiver,   which 


from  right  to  left  indicate  units,  tens, 
hundreds  and  thousands  of  kilowatt 
hours  respectively,  instead  of  tens,  hun- 
dreds, thousands  and  ten  thousands  as 
stated.  This  of  course  threw  the  answer 
to  the  example  given  forward  one  deci- 
mal place.  The  correct  answer  in  this 
case  should  have  been  158  instead  of 
1,580  kilowatt  hours.  The  method  of 
reading  the  meter,  however,  is  as  stated 
in  the  example. 


IS    ABSOLUTE    ETHERIC    VACUUM    OB- 
TAINABLE? 

Question. — That  mass  is  a  state  of  elec- 
trical inertia ;  that  electricity,  heat,  light  and 
valence  are  simply  vibrations  of  the  ether  de- 
pending upon  the  difference  of  the  wave 
length  of  their  vibration  for  their  physical 
properties,  and  that  the  ether  is  composed  of 
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may  be  so  arranged  on  the  hook  that 
the  switch  (A)  will  be  closed  when  the 
hook  goes  up.  The  battery  current  now 
flows  through  the  transmitters  and  re- 
ceivers of  the  two  stations.  When  the 
transmitter  is  spoken  .into,  a  mass  of 
carbon  granules  are  made  to  vibrate  in 
the  same  proportion,  thereby  affecting 
the  battery  current  flowing  in  proportion 
to  the  sound  waves,  which  acts  on  the 
diaphragm  of  the  receivers  and  repro- 
duces the  spoken  words. 

READING  A  WATTMETER. 

In  the  answer  to  the  question  on 
"How  to  Read  a  Wattmeter"  printed  in 
the  June  issue  of  Popular  Electricity  an 
erroneous  impression  is  conveyed  since 
the   dials   of     the   ordinary     wattmeter, 


ions,  sometimes  called  corpuscles,  is  acknowl- 
edged quite  generally  by  a  great  many  scien- 
tists. I  would  like  to  ask  this  question :  Is 
there  any  known  method  by  which  these  ions 
or  corpuscles  may  be  deflected  from  space 
even  two  inches,  so  that  we  might  have 
an  absolute  etheric  vacuum  and  hold  it  so 
for  any  length  of  time,  leaving  the  atmos- 
phere out  of  the  consideration  ? — R.  E.  C,  Des 
Moines,  Iowa. 

Anszver. — Rapidly  moving  corpuscles 
or  electrons  may  be  deflected  from  their 
course  by  a  magnet,  but  this  does  not 
produce  an  absolute  etheric  vacuum. 
There  is  no  means  of  producing  such  a 
vacuum.  According  to  the  electron  the- 
ory, every  atom  of  matter  is  made  up  of 
electrons  but  this  is  not  true  of  the  ether. 
Electrons  are  of  two  kinds,  one  kind 
bearing  a  positive  electric  charge,  the 
other  a  negative  charge.    Electric  waves, 
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used  in  wireless  telegraphy,  radiant  heat, 
and  light  are  vibrations  of  the  ether.  An 
electric  current  in  a  metallic  conductor 
is  believed  by  many  scientists  to  be  a 
stream  of  electrons  moving  in  the  spaces 
between  the  molecules  or  from  molecule 
to  molecule  throughout  the  conductor. 


sistance  in  series  with  the  batteries.  The 
above  assumes  the  voltage  of  each  cell 
to  be  2.5  as  you  state.  As  a  matter  of 
fact,  the  chloride  accumulator  type  "BT" 
cell  gives  about  two  instead  of  2.5  volts, 
and  it  would,  no  doubt,  be  necessary  for 
you  to  use  five  of  these  cells. 


STORAGE  BATTERIES. 

Question. — Will  you  kindly  give  me  the 
formula  for  the  number  of  cells  of  storage 
battery  required  when  connected  in  series 
when  the  external  resistance  is  350  ohms,  the 
current  strength  of  the  circuit  is  .025  ampere, 
the  batteries  electric  Chloride  accumulators 
"BT"  type  voltage  2.5  volts?— T.  F.  H.,  Al- 
bany,   N.   Y. 

E 
Answer. — Applv   Ohm's   law,   C  =  — . 

R 
Then  E  =  CXR  =  .025  X  350  =  8.75 
volts,  which  is  the  voltage  required  to 
produce  a  current  of  .025  amperes  in 
your  circuit.  Taking  the  voltage  of  each 
cell  as  2.5  volts,  8.75^2.5  =  3.5;  the 
number  of  cells.  Of  course,  it  would  be 
necessary  to  use  four  cells.  If  the  re- 
quirements of  your  circuit  are  such  that 
you  must  have  exactly  .025  amperes,  you, 
of  course,   would  have  to  use  some  re- 


QUESTIONS  OF  VOLTS  AND  WATTS. 

Question. — What  is  the  voltage  on  a  line 
which  would  supply  a  450  watt  lamp  at  % 
ampere?  If  a  circuit  is  capable  of  carrying 
150  amperes  at  1,100  volts,  how  many  .400 
watt  lamps  would  it  supply,  disregarding 
losses?— F.  E.  C.   New  York.  N.  Y. 

Answers. — Supposing  these  to  be  ex- 
amples in  direct  current  or  non-inductive 
circuits,  Ohm's  law,  or  a  modification 
of  it,  would  apply.  In  the  first  instance 
the  formula  W  =  CE  would  apply,  in 
which  W  ■=  watts,  C  =  current  and  E  = 
volts.  Then  we  would  have  450  =  ?4  X 
E,  or  E  =  600  volts.  In  the  second  case 
the  same  formula  would  apply,  and  we 
would  have  W  =  1,100  X  150  =  165,- 
000.  This  is  the  total  capacity  in  watts. 
Dividing  165,000  by  400,  the  quotient  is 
412  approximately,  which'  is  the  number 
of  400  watt  lamps  that  could  be  sup- 
plied. 


THE  THEORIZER'S  CORNER. 

Many  of  us  have  a  pet  theory  that  we  are  aching  to  give  to  the  world  at  large. 
There  are  others  who  feel  it  their  duty  to  run  down  and  "explode"  such  theories 
wherever  possible.  We  are,  therefore,  going  to  set  aside  a  corner  in  Popular 
Electricity  where  the  theorizer  and  the  "exploder"  may  meet  on  common  ground, 
and  we  await  with  interest  the  "fire  works"  to  follow.  The  department  will  be  de- 
voted to  theories  concerning  electricity  and  allied  sciences,  and  if  any  one  has  any 
objections  to  these  theories  let  them  be  set  forth  in   cold  type. — Editor. 


CAUSE  OF    THUNDER    AND    LIGHTNING. 

The  explanation  of  the  cause  of  thun- 
der and  lightning  by  "R.  S."  in  the  July 
issue,  does  not  seem  to  be  satisfactory 
in   view  of  actual  observation. 

Lightning  is  the  result  of  electrical  dis- 
charges from  the  clouds.  Evaporation 
from  the  surface  of  the  earth,  changes 
of  temperature  in  the  atmospheric  vapor, 
decaying  vegetation,  chemical  action  on 
the  earth's  surface,  and  the  friction  of 
volumes  of  air  of  the  different  densities 
against  each  other  are  the  only  causes 
of  lightning.  The  reason  these  phenom- 
ena produce  electricity  is  because  they 
disturb  the  equality  of  the  electric  force, 
and    produce    lightning.     The    flash     of 


lightning  and  the  report  of  the  thunder 
really  happen  at  the  same  time,  and  the 
thunder  is  nothing  more  than  the  noise 
that  succeeds  the  rush  of  the  lightning 
fluid  through  the  air,  and  is  caused  by 
the  vibrations  of  the  air  as  it  falls  to- 
gether and  seeks  to  restore  its  own  equi- 
librium.— C.  O.   M. 


R.  S. :  It  seems  that  your  conceptions 
of  the  ether  differ  somewhat  from  the 
rules  and  laws  laid  down  and  accepted 
by  the  scientific  world.  The  ether  does 
not  begin  where  the  air  or  atmosphere 
ends,  or  else  the  scientists  are  wrong 
when  they  describe  the  light  rays  and 
the  electrical   (wireless)   waves  as  being 
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oscillations  in  the  ether.  They  claim  that 
neither  light  nor  electrical  waves  can 
propagate  without  ether.  Thus,  accord- 
ing to  your  conception,  the  light  would 
stop  where  the  atmosphere  ends,  hence 
there  would  be  no  light  on  the  surface  of 
this  earth  of  ours.  The  fact  that  we  can 
send  and  receive  wireless  messages  on 
ether  waves  and  receive  them  in  the 
atmosphere  proves  that  the  ether  does 
not  stop  where  the  atmosphere  ends  but 
that  it  exists  within  the  air. 

Then,  too,  if  your  theory  were  cor- 
rect, friction  would  be  produced  in  winter 
as  well  as  in  summer,  thus  we  ought  to 
experience  lightning  and  thunder  all  the 
time,  for  the  air  always  revolves  with 
the  globe  and  thus  would  rub  against  the 
ether.  But  praxis  shows  that  when  the 
sun  rays  have  heated  the  air  abundantly 
the  little  air  particles  have  become  elec- 
trified and  have  arranged  themselves  ac- 
cording to  the  electrostatic  laws,  at  inter- 
vals seeking  equilibrium  in  the  form  of 
huge  sparks.  The  thunder  is  the  cause 
of  the  lightning. — A.  E.   J. 

The  theory  advanced  by  R.  S.  in  the 
Theorizer's  Corner  of  the  July  issue  in 
regard  to  the  cause  of  thunder  and  light- 
ning is  an  objectionable  one  when  con- 
sidered from  the  viewpoint  of  modern 
science. 

"Ether''  is  a  word  applied  by  modern 
scientists  to  that  medium  which  trans- 
mits light  and  heat  waves.  Air  is  the 
medium  through  which  sound  waves 
pass,  but  it  is  evident  that  heat  and  light 
waves  do  not  use  the  latter  as  their  me- 
dium, for,  if  they  did,  the  sun  would 
not  be  able  to  warm  and  light  the  earth, 
because  there  is  not  a  continuous  body 
of  air  from  the  sun  to  the  earth.  So 
there  must  be  some  .  other  medium 
which  fills  space  and  is  contained  in 
our  ?tmosphere,  and  in  all  transparent 
bodies,  like  glass  and  water,  and  which 
has  this  power  of  transmitting  heat 
and  light  waves.  It  cannot  be  seen, 
heard,  tasted,  or  felt,  but  it  can  be  given 
a  name,  and  it  is  called  the  "ether." 
Therefore  there  is  no  place  where  the 
atmosphere  ends  and  the  ether  begins ; 
the  ether  is  present  everywhere  in  the 
universe.  Science  also  has  found  that, 
try  as  it  might,  it  could  not  measure  the 
density  or  elasticitv  of  ether,  as  can  be 


done  with  air  or  water,  and  therefore 
has  come  to  the  conclusion  that  ether 
does  not  react  in  any  measurable  way 
with  mechanical  forces  such  as  pressure, 
torsion,  etc.  Therefore,  since  there  is  no 
pressure  to  the  ether,  there  can  be  no 
friction  between  it  and  the  atmosphere 

A  vacuum  is  a  space  devoid  of  gases. 
An  electric  incandescent  bulb  is  an  al- 
most perfect  vacuum,  and,  since  there  is 
no  air  there,  and  whatever  is  in  it  is 
capable  of  transmitting  heat  and  light 
waves  sent  out  by  the  filament,  one  con- 
cludes that  it  contains  ether.  Therefore, 
ether  is  present  in  a  vacuum,  and  so  the 
statement  that  "a  huge  vacuum  is  left 
between  it  (the  atmosphere)  and  the 
ether"  cannot  possibly  be  supposed. 

L.  H.  R. 


ELECTRICITY  THE  LIFE  PRINCIPLE. 

It  is  not  to  be  wondered  at  that  men 
are  allured  by  tjie  smiling,  sunny  na- 
ture of  springtime  which  brings  them 
to  the  consciousness  that  new  life,  new 
energy  is  awaiting  them?  And  what 
miraculous  energy  is  it  which  opens  a 
nut-shell  that  requires  more  than  300 
pounds  of  weight  to  crack  it. 

There  may  readily  be  detected  in  all 
this  the  operation  of  a  law  which  is 
working  toward  one  great  end.  As  the 
evening  devours  the  morning,  love  the 
hatred,  age  the  youth,  so  we  find  in  na- 
ture two  forces,  one  being  opposed  to 
the  other,  and  yet  without  both  we  find 
that  nothing  can  be  done.  For  how  could 
we  speak  of  light  if  there  was  no  dark- 
ness, or  how  of  good  if  there  was  no 
evil',  how  of  strength  if  there  was  no  such 
a  thing  as  weakness? 

Physicists  have  already  arrived  at  the 
conclusion  that  there  exists  but  one  pow- 
er which  rules  the  universe,  and  chem- 
ists are  slowly  following  them  with  their 
opinion  that  all  matter  consists  of  one 
and  the  same  substances,  which  is  influ- 
enced and  has  grown  under  different  cir- 
cumstances and  pressure.  According  to 
the  latest  researches  of  science  we  would 
find  thus  one  substance  (smallest  par- 
ticle) possessed  by  one  life  power  (elec- 
tricity), governed  by  one  almighty  intel- 
ligence (eternal  God).  These  three  fac- 
tors working  in  harmony  constitute  the 
universe.  A.  E.  J. 


7v 


S\/ 


If 


5HORJ  CIRCUITS 


fl 


J 


An  Irish  assessor,  in  making  his  rounds,  as- 
sessed one  man  $8  for  his  goat.  The  man 
strongly  protested  against  so  heavy  an  assess- 
ment, as  the  goat  only  cost  him  $5.  But  the 
Irishman  said  it  was  the  law,  whereupon  the 
man  insisted  upon  being  shown.  So  the  Irish- 
man brought  forth  the  book  of  ordinances  with 
a  flourish,  and  read  therefrom:  "All  property 
butting  on  the  street  shall  be  assessed  four  dol- 
lars per  front  foot." 

*  *     * 

"Papa,  what  does  a  United  States  senator 
earn?" 

"The  average  senator  does  not  earn,  my  son; 
he  amasses." — Puck. 

*  *     * 

Paxton  had  saved  Wensen  from  drowning. 
Accordingly  when  he  reached  the  celestial  gate 
St.  Peter  directed  him  to  a  large  room  which 
was  set  aside  for  those  who  saved  others  from 
the  terrors  of  the  waters.  When  Paxton  had 
partly  finished  telling  the  story  of  his  accom- 
plishment, as  he  had  been  instructed  to  do,  the 
good  Saint  returned  and  inquired  how  he  was 
progressing.     Paxton  replied: 

"All  right.  But  the  more  interested  I  am  in 
telling  it  the  more  frequently  that  old  man" 
(pointing  to  an  old  man  with  long,  flowing, 
white  whiskers)   "says,  'Oh,  pshaw'!" 

"Oh,  never  mind  him,"  said  St.  Peter,  "that's 
Noah." 

*  *     * 

They  had  just  finished  the  operation  and  had 
sewed  up  the  incision  when  they  found  that 
their  scalpel  was  missing,  so  they  reopened  it 
and  took  out  that  instrument  and  resewed  the 
cut  once  more.  This  time  a  small  mirror  was 
lost,  so  they  repeated  the  process.  About  this 
time  the  patient  was  coming  out  of  the  effect  of 
the  anesthetic  and  remarked:  "If  you  have  to  do 
that  again,  put  buttons  on  my  back." 

The  Chicago  Girl — "Plague  take  this  Eastern 
culture." 

Her  Boston  Aunt — "What  is  the  matter,  my 
dear?" 

The  Chicago  Girl — "I've  really  become  inter- 
ested in  Shaw.  I  think  he's  bully.  I  take  to 
transcendentalism  without  any  trouble;  I'm  get- 
ting used  to  eyeglasses,  and  I  dote  on  dignity; 
but  I  can't  get  over  saying  'skiddoo!'  instead  of 
merely  elevating  my  eyebrows." 

*  *     * 

The  Reverend  Dr.  Fourthly  was  reading  the 
evening  lesson  from  the  Book  of  Job. 

"Yea,  the  light  of  the  wicked  shall  be  put 
out ' ' 

At  this  instant,  by  one  of  those  inexplicable 
accidents  that  sometimes  happen,  the  current 
went  off,  leaving  the  church  in  total  darkness. 

"Brethren,'  said  Dr.  Fourthly,  without  a  mo- 
ment's pause,  "in  view  of  the  startling  and  sud- 
den fulfilment  of  this  prophecy,  we  will  spend 
a  few  moments  in  silent  prayer  for  the  electric 
lighting  company." 


Knicker — "Are   they  a  bridal  couple?" 
Bocker — "No,   by  his  devotion  I  should  judge 
she  is  a  cook  he  is  taking  out  to  the  suburbs." 
*     *     * 

"Mamma,  is  that  bay  rum  in  the  bottle  on 
your  table?" 

"Mercy,  no,  dear"  she  replied.  "That  is  mu- 
cilage." 

"Oh!"  said  little  Johnny,  "perhaps  that's  why 
I  can't  get  my  hat  off." 

Little  Jack's  grandmother  told  him  that  he 
must  ask  God  to  make  the  weather  warmer  so 
her  rheumatism  would  be  better.  So  at  the 
close  of  his  prayer  that  night  he  was  heard  to 
say,  "And,  oh,  yes,  dear  Lord,  make  it  hot  for 
grandma." 


A  farmer  had  a  horse  he  was  anxious  to  sell, 
and  one  day  while  driving  with  a  prospective 
buyer  the  horse  stopped  so  frequently  that  the 
buyer  asked: 

"What  ails  your  horse  that  he  stops  so  often? 
Is  he  balky?" 

"No,"  replied  the  farmer,  "he's  all  right.  It's 
simply  he's  so  darned  afraid  somebody  will  say 
'Whoa,'  and  he  won't  hear  it,  that  he  stops  to 
listen." 

*  *     * 

A  Sunday  school  teacher  had  instructed  her 
class  that  each  child  should  repeat  a  verse  of 
scripture  when  the  offering  was  made.  The 
plate  containing  many  pennies  had  gone  down 
the  line,  when  the  child  next  the  last  said.  "The 
Lord  loveth  a  cheerful  giver,"  depositing  a 
nickel. 

Either  the  verses  had  given  out  or  the  child 
at  the  end  of  the  bench  was  overcome  at  her 
neighbor's  generosity,  for  she  said:  "A  fool  and 
hith  money  are  thoon  parted!" 

*  *     * 

"Augusta,"  said  Mr.  Wyss  when  the  quarrel 
was  at  its  height,  "you  have  devised  a  great 
variety  of  ways  to  call  me  a  fool." 

"Merely  a  matter  of  necessity."  replied  Mrs 
Wyss.  "You  have  devised  so  many  ways  of 
being  one." 

"I  had  to  leave  my  last  situation  because  the 
missus  said  they  were  going  to  lead  the  sinful 
life,  and  they  wouldn't  want  any  servants  about 
the  place." 

A  meddler  monkeyed  with  a  switch — 

'Twas  marked   "500  volts." 
When   consciousness  came  back  to  him. 

He   said   it    should    road    "jolts." 

*  *     * 

"If  the  man  in  the  moon  were  a  coon," 
howled    the    street    organ. 

"Wisht  he  wuz."  muttered  Meandering  Mike. 
"Maybe  a  feller  could  git  a  park  bench  to  sleep 
on  onct  in  a  while  these   here  spoony   nights." 


ELECTRICAL  DEFINITIONS. 


Alternating  Current. — That  form  of 
electric  current  the  direction  of  flow  of 
which  reverses  a  given  number  of  times 
per  second. 

Ampere. — Unit  of  current.  It  is 
the  quantity  of  electricity  which  will 
flow  through  a  resistance  of  one  ohm 
under  a  potential  of  one  volt. 

Anode. — The  positive  terminal  in  a 
broken  metallic  circuit;  the  terminal 
connected  to  the  carbon  plate  of  a  bat- 
tery. 

Armature. — That  part  of  a  dynamo 
or  motor  which  carries  the  wires  that 
are  rotated  in  the  magnetic  field. 

Circuit. — Conducting  path  for  electric 
current. 

Circuit-breaker. — Apparatus  for  auto- 
matically opening  a  circuit. 

Commutator. — A  device  for  chang- 
ing the  direction  of  electric  currents. 

Condenser. — Apparatus  for  storing  up 
electrostatic  charges. 

Direct  Current. — Current  flowing  con- 
tinuously in  one  direction. 

Efficiency. — Relation  of  work  done  by 
a  machine  to  energy  absorbed. 

Electrode. — Terminal  of  an  open 
electric  circuit. 

Electrolysis. — Separation  of  a  chemi- 
cal compound  into  its  elements  by  the  ac- 
tion of  the  electric  current. 

Electromagnet. — A  mass  of  iron  which 
is  magnetized  by  passage  of  current 
through  a  coil  of  wire  wound  around  the 
mass  but  insulated  therefrom. 

Field  of  Force. — The  space  in  the 
neighborhood  of  an  attracting  or  repell- 
ing mass  or  system. 

Fuse. — A  short  piece,  of  conducting 
material  of  low  melting  point  which  is 
inserted  in  a  circuit  and  which  will  melt 
and  open  the  circuit  when  the  current 
reaches  a  certain  value. 

Galvanometer. — Instrument  for  meas- 
uring current  strength. 

Inductance. — The  property  of  an  elec- 
tric circuit  by  virtue  of  which  lines  of 
force  are  developed  around  it. 

Insulator. — Any  substance  impervious 
to  the  passage  of  electricity. 

Kilowatt. — 1,000  watts.      (See  watt.) 

Kilowatt-hour. — One  thousand  watt 
hours. 


Leyden  Jar. — Form  of  static  condenser 
which  will  store  up  static  electricity. 

Motor-generator. — Combined  motor 
and  generator  for  changing  alternating 
to  direct  current  or  vice  versa. 

Multiple. — Term  expressing  the  con- 
nection of  several  pieces  of  electric  ap- 
paratus in  parallel  with  each  other. 

Ohm. — The  unit  of  resistance.  It  is 
arbitrarily  taken  as  the  resistance  of  a 
column  of  mercury  one  square  milli- 
meter in  cross  sectional  area  and  106 
centimeters  in  length. 

Poles. — Terminals  of  an  open  electric 
circuit. 

Potential. — Voltage. 

Relay. — Instrument  for  opening  or 
closing  a  local  circuit,  which  is  oper- 
ated by  impulses  from  the  main  circuit. 

Resistance. — The  quality  of  an  elec- 
trical conductor  by  virtue  of  which  it 
opposes  the  passage  of  an  electric  cur- 
rent. The  unit  of  resistance  is  the 
ohm. 

Series. — Arranged  in  succession,  as 
opposed  to  parallel  or  multiple  arrange- 
ment. 

Shunt. — A  by-path  in  a  circuit  which 
is  in  parallel  with  the  main  circuit. 

Solenoid. — An  electrical  conductor 
wound  in  a  spiral  and  forming  a  tube. 

Spark-gap. — Space  between  the  two 
ends  of  an   electrical   resonator. 

Switch. — Device  for  opening  and 
closing  an  electric  circuit. 

Transformer. — A  device  for  stepping- 
up  or  stepping-down  alternating  current 
from  low  to  high  or  high  to  low  voltage, 
respectively. 

Volt. — Unit  of  electromotive  force  or 
potential.  It  is  the  electromotive  force 
which,  if  steadily  applied  to  a  conductor 
whose  resistance  is  one  ohm,  will  pro- 
duce a  current  of  one  ampere. 

Voltage. — Potential  difference  or  elec- 
tromotive force. 

Watt. — Unit  representing  the  rate  of 
work  of  electrical  energy.  It  is  the  rate 
of  work  of  one  ampere  flowing  under  a 
potential  of  one  volt.  Seven  hundred 
and  forty-six  watts  represent  one  elec- 
trical horse  power. 

Watt-hour. — Electrical  unit  of  work. 
Represents  work  done  by  one  watt  ex- 
pended for  one  hour. 
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"The  Business  of  This  Place  is  to  Raise  Salaries" 


Short  Stones  of  Men 

Who  Have  Won 

High  Salaries 

Nothing  ever  written  contains  such  dramatic  history  of  success  as  the  stories  of  the  men  who, 
through  the  help  of  the  International  Correspondence  Schools,  have  won  higher  places  in  the  world. 

The  voluntary  endorsement  of  these  men  proves  beyond  any  question  of  doubt  that  training 
does  pay — and  that  the  I.  C.  S.  does  help  poorly  paid  men  succeed. 

From  Chainman  to  Civil  Engineer,  with  an  office  of  his  own,  is  the  happy  experience  of  Mr.  G. 
A.  Collins,  of  Sante  Fe,  New  Mexico.  Mr,  Collins  says:  "My  earnings  have  been  increased  nearly 
1000  per  cent.     The  I.  C.  S.  is  certainly  a  wonderful  institution." 

Another  man,  Mr.  Joseph  Cain,  once  a  mine  foreman  at  $90.00  a  month  ,  is  now  Mine  Superinten- 
dent at  Searles,  Ala.,  earning  a  salary  of  $225.00  a  month.  I.  C.  S.  training  did  it.  Mr.  Cain  writes: 
"I  know  of  no  other  method  than  the  I.  C.  S.  by  which  a  man  can  advance  so  quickly  and  surely." 

Now  earning  a  salary  of  $100  a  week,  where  before  he  received  but  $3.00  a  day,  Mr.  Chas.E. 
Norberg,  of  Los  Angeles,  Cal.,  says:  "  Previous  to  this,  I  had  only  a  common  school  education,  but 
the  instruction   given  was   so  plain,  so  easy  to 


follow,  and  so  practical,  that  I  have  now  become  a 
General  Contractor,  and  my  earnings  range  from 
$75  to  $100  a  week.  The  I.  C.  S.  is  certainly  a  great 
blessing  to  the  wage  earner." 

And  so  it  goes.  Yet  this  is  not  all.  These 
men  do  not  merely  advance  but  a  step  or  two. 
They  go  on,  on,  on,  earning  more  all  the  time. 

The  I.  C.  S.  helps  you  in  your  spare  time. 
No  need  to  leave  home  or  your  present  position. 
Lack  of  capital  need  not  hinder  you.  It  is  im- 
material where  you  live  or  what  you  do — the 
I.  C.  S.  can  reach  you  if  you  want  a  better 
position,  more  money,  promotion. 

During  July  351  students  voluntarily  re- 
ported salary  increases  and  better  positions 
because  of  I.  C.  S.  training. 

You  can  learn  how  it  is  done  by  sending 
the  attached  coupon  to  the  I.  C.  S.  No  charge 
whatever  for  this  information. 

Be  a  Success.     Mark  the  Coupon  To-day. 


International  Correspondence  Schools, 

Box    432.  SCRANTON,  PA. 
I  Please  explain,  without  further   obligation  on  my  part, 
how  I  can  qualify  for  a  larger  salary  in  the  posi- 
tion before  which  I  have  marked  X 


Bookkeeper 
Stenographer 
Advertisement  Writer 
Show  Card  W  riter 
Window     Trimmer 
Commercial  Law 
Illustrator 
Civil  Service 
Chemist 

Textile    Mill  Supt. 
Electrician 
Elec.  Engineer 


Mechanical  Draftsman 
Telephone  Engineer 
Elec.  Lighting  Siipt. 
Mechan.  Engineer 
Surveyor 

Stationary  Engineer 
Civil  Engineer 
Bulldlntr  Contractor 
Arctiitec'l  Draftsman 
Architect 

Structural  Engineer 
Bridge   Engineer 
Miulnc  Engineer 


Name. 
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.State. 


POPULAR 

Electricity 

IN    PLAIN    ENGLISH 


VOL.  I 


SEPTEMBER    1908 


No.  5 


ELECTRICAL  SPLENDERS  OF  RIVERVIEW 


This  has  been  called  the  age  of  strenu- 
ous endeavor  and  people  at  the  begin- 
ning of  the  Twentieth  Century  are  said 
to  be  going  the  pace  that  kills  in  their 
efforts  to  keep  up  with  the  demands  of 
industrial  activity.  Hard  though  they 
may  work,  however,  the  people  of  to-day 
play  just  as  hard 
in  proportion,  and 
never  was  there  a 
time  when  so  much 
money  and  so 
much  skill  were 
expended  on 
amusements  as  at 
present. 

The  numerous 
amusement  parks 
in  the  larger  cities 
offer  perhaps  the 
most  marked  ex- 
ample of  the  enor- 
mous scale  upon 
which  the  efforts  to 
furnish  the  public 
with  fun  are  car- 
ried out,  and  it  is  only  necessary  for  the 
observer  to  visit  one  of  these  amuse- 
ment resorts  at  night,  and  watch  the 
care-free  crowds,  to  realize  that  they  ad- 
mirably fulfill  their  purpose. 

But  what  would  an  amusement  park 
be  without  electricity?  It  simply  could 
not  exist.  An  amusement  resort  at  night 
must  be  light — light  as  the  day — in  order 
that  people  may  congregate  and  make  a 
business  of  forgetting  their  cares. 

Beautiful  Riverview  Park  in  Chicago. 
one  of  the  five  great  resorts  of  its  kind  in 
the  city,  has  many  features  to  distinguish 
it,  and  it  is  only  by  continued 
visits  that  one  can  begin  to  apprechl 


the  wonderful  ingenuity  that  has  been 
expended  in  its  conception  and  execu- 
tion. This  is  one  of  the  largest  resorts 
of  the  kind  in  the  world,  containing  with- 
in its  enclosure  106  acres  of  land.  There 
are  miles  of  walks  through  beautiful 
groves  softly  lighted  by  festoons  of  in- 


candescent   1 


amp: 


ENTRANCE    TO    RIVERVIEW    PARK. 


There  are  crowd- 
ed thoroughfares 
as  brilliant  as  day. 
At  every  step  new 
wonders  pre- 
sent themselves,  al- 
most all  made  pos- 
sible by  some  adap- 
t  a  t  i  o  n  of  elec- 
tricity. 

To  plant  new 
trees  and  keep  the 
groves  in  condition 
ten  arboriculturists 
are  constantly  em- 
ployed. To  devise 
n  e  w  w  ays  a  n  d 
means  of  improv- 
ing the  grounds  35  expert  landscape 
gardeners  are  likewise  employed.  To 
keep  the  wheels  of  this  great  enterprise 
moving  requires  1,165  employes,  exclu- 
sive of  those  who  work  in  the  various 
concessions.  It  is  a  city  in  itself — a  city 
for  work  as  well  as  for  fun. 

To  light  this  great  resort  over  halt  p 
million  electric  incandescent  lamps  ar 
required.  These  arc  principally  of  eight 
candlepower,  and  the  current  required  t  * 
supply  them  reaches  the  enormous  figure 
of  over  [6,000  horsepower.  Then  b 
sides  there  are  hundreds  of  electric 
motors  scattered  about  the  grounds  ag- 
gregating many  hundred  horsepower. 


266 


POPULAR    ELECTRICITY 


The  frontispiece  in  this  issue  shows 
one  of  the  most  brilliantly  lighted  por- 
tions of  the  grounds.  The  magnificent 
entrance  to  the  grounds  shown  in  one 
of  the  pictures  is  also  a  noticeable 
feature. 

Among  the  various  concessions  one 
which  perhaps  attracts  the  most  attention 
is  the  "Battle  of  the  Monitor  and  the 
Merrimac,"  a  highly  realistic  illusion. 
This  spectacle  is  produced  through  the 
aid  of  electricity  and  merits  a  more  de- 
tailed description,  although  many  of  its 
features  are  a  secret  known  only  to  the 


not  distinguishable  by  the  audience.  One 
of  the  views  herewith  shows  how  the 
scene  actually  appears  from  the  audi- 
torium. 

From  the  main  operating  room  above 
the  auditorium  is  directed  every  move 
of  the  boats,  and  the  electrical  effects 
which  beautify  and  add  realism  to  the 
spectacle.  Here  sits  the  operator,  like 
the  officer  in  a  submarine  war  vessel, 
seeing  nothing  actually  of  what  tran- 
spires save  through  a  peculiarly  set  brass 
mirror,  which  conveys  a  reflex  of  the 
whole   action.      In   this   operating    room 


'BATTLE  OF  THE  MONITOR  AND     MERRIMAC. 


inventor,    Mr.    Emmett    W.    McConnel, 
and  the  men  who  built  and  operate  it. 

From  the  auditorium,  the  scene  of  the 
battle  of  the  Monitor  and  the  Merrimac, 
Hampton  Roads,  appears  as  a  mighty 
panorama.  The  river,  the  shore,  even  the 
clouds  are  as  realistic  as  if  the  observer 
were  actually  gazing  at  the  great  his- 
torical spectacle.  From  behind  the 
scenes,  however,  the  appearance  is  alto- 
gether different,  and  what  looked  to  be 
a  comparatively  flat  landscape  is  in 
reality  a  series  of  semi-circular  tiers  of 
scenery,  and  in  little  pathways  between 
the  various  sections  of  the  scenery  are 
operated  the  ships  which  take  part  in  the 
action.      These   pathways   are,   however, 


are  20  of  the  largest  dimmers  ever  in- 
troduced in  the  articulation  of  electrical 
effects  for  shows  of  this  nature.  It  is 
said  that  in  this  room  are  electrical  ap- 
pliances enough  to  operate  three  build- 
ings, such  as  the  Hippodrome,  in  New 
York  City.  The  dimmers  serve  the  pur- 
pose of  lessening  or  increasing  the 
strength  of  the  burning  or  illuminating- 
energy  of  some  5,000  lamps.  The  beau- 
tiful sunrise  scene,  the  moon,  its  light 
and  ripples  on  the  water,  and  the  terrific 
storm,  with  its  rain  and  wind  effects,  the 
skies  fretted  with  forked  freaks  of  Jove's 
anger,  and  the  tempest  and  tumult  of  the 
storm — all  are  controlled  from  this  op- 
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The  Monitor  and  Merrimac  ironclads, 
the  Cumberland,  Congress,  St.  Law- 
rence, Minnesota,  Roanoke,  the  Confed- 
erate gunboats,  and  the  battleships,  tor- 
pedo boats,  destroyers,  and  submarines, 
used  in  the  show's  big  climax,  are  oper- 
ated by  30  differential  electrical  motors, 
with   armatures   and  field   resistances  to 


The  great  storm  effects  are  created  by 
ten  cloud  machines  all  operated  by  elec- 
tricity. The  clouds  are  photographed 
from  nature  and  the  films  projected  by 
an  electric  lantern. 

The   number   of   skilled   operators   re- 
quired to  fight  the  mimic  battle  are  :  F1 
trical   operators,    12;     stage   machinists, 


SWITCHBOARD   FOR  CONTROLLING    "BATTLE   OF  THE  MONITOR  AND  MERRIMAC 


increase  or  decrease  speed.  It  is  these 
that  make  the  motion  of  the  boats  seer 
real.  Even  the  guns  on  the  vessels  are 
fired  by  the  controller  in  the  operating- 
room  and  its  sparkers ;  all  by  electrical 
current.  The  moving  of  the  waters, 
which  many  say  makes  them  seasick,  is 
created  by  a  switch  which  controls  an  ii 
dependent  motor. 

The  main  switchboard  has  125 
switches,  running  from  10  to  1,200  am- 
peres*. One  gives  current  to  the  red 
and  blue  borders ;  another  to  the  lighting 
of  the  cities  around  Hampton  Roads ; 
another  to  the  sunrise ;  another  to  the 
sunset ;  another  to  the  waters — all  arc 
electrical  effects. 


35 ;  stage  clearers,  5  ;  chief  and  assistant 
machinists,  3 ;  stationary  electrical  cal- 
cium men,  6;   a  total  of  01  men. 


PHOTOGRAPHING  THE  STOMACH. 

An  improved  apparatus  has  been  made 
by  Dr.  Fritz  Lang  of  Munich  by  which 
the  inside  of  the  stomach  can  be  clearly 
photographed.  The  camera  is  actually 
swallowed  by  the  patient,  and  when  it 
reaches  his  stomach  the  walls  thereof 
can  be  illuminated  by  a  small  electric 
lamp  attached  to  the  apparatus.  At  the 
bottom  of  the  camera  is  wound  a  photo- 
graphic film  twenty  inches  long  and  a 
quarter  of  an   inch   wide. 
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PORTABLE  ELECTRIC  DRIVEN  TOOLS. 

In  machine  shop  practice  the  custom- 
ary method  of  operation  in  the  past  has 
been  to  bring  the  work  to  the  tool.  With 
the  advent  of  electrically  operated  tools, 
however,  the  tools  themselves  are  often 
made  portable  so  that  they  may  be 
moved  from  place  to  place  about  the 
shop.     This  is  a  great  advantage  as  it  is 


PORTABLE  ELECTRIC  DRIVEN  TOOLS. 

obviously  much  easier  and  less  expensive 
to  move  the  tool  than  to  move  a  heavy 
casting  or  boiler.  Many  drilling  and 
boring  operations  are  now  performed  in 
this  manner.  The  accompanying  cut 
shows  a  form  of  motor  driven  tool  at 
work.  The  motor  is  mounted  on  wheels 
and  is  provided  with  an  extendable  shaft 
for  the  tool.  The  whole  outfit  may  be 
moved  to  any  part  of  the  shop  by  one  or 
two   men. 


PLAYING  CHESS   BY   WIRELESS. 

Wireless  telegraphy  was  made  use  of 

recentlv  in  a  very  interesting  way.  Two 
steamships  started  from  the  other  side 
of  the  Atlantic  on  a  little  speed  contest. 
Going  in  the  same  direction,  but  out  of 
sight  of  each  other,  it  was  concluded 
to  have  a  game  of  chess  between  parties 
on  each  boat.  Tables  were  put  in  the 
"lounge"  of  the  boats,  near  the  wireless, 
and  there  the  game  was  conducted,  the 
moves  being  made  by  wireless  instruc- 
tions from  the  other  boat.  So  the  game 
went  on  to  the  thirty-fourth  move,  when 
one  of  the  boats  won.  though  it  was  the 
other  that  was  the  victor  in  the  speed 
contest. 


But  the  scene  itself — a  player  at  a 
chessboard,  told  how  to  move  his  pawns, 
his  knights.,  his  queens,  by  a  silent  voice 
that  fluttered  through  the  empty  air. 
from  a  ship  many  miles  away.  If  such 
a  strange  thing  were  told  in  the  Bible 
there  would  be  many  people  who 
wouldn't  believe  it.  And  yet  the  wire- 
less has  just  begun  its  achievements. 
If  there  is  anybody  up  in  Mars  and  they 
know  enough  to  catch  step  to  an  electric 
wave,  there  is  coming  a  time  when  our 
daily  papers  will  have  the  "latest  from 
Mars"  in  startling  headlines. — Columbus 
(Ohioj  Journal. 


ELECTRIC  FLAT  IRON. 

A  new  form  of  heating  unit  for  an 
electric  flatiron  is  illustrated  in  the  ac- 
companying cut.  which  shows  the  unit  it- 
self and  its  arrangement  in  the  iron.  The 
resistence  is  composed  of  a  flat  strip  or 
ribbon  of  metallic  conductor  stamped 
out  in  involute  form  to  give  the  great- 
est  length  of   conductor  possible   for   a 


given  length  of   -trip. 


This  conductor 


liifiiM 


ELECTRIC  FLATIRON. 

is  then  arranged  in  spiral  form  in  the 
iron,  as  shown,  and  is  assembled  between 
the  body  of  the  iron  and  the  plate  form- 
ing the  smoothing  surface.  The  insula- 
tion between  the  ribbon  and  the  two 
parts  of  the  iron  is  built  up  of  overlap- 
cm^  sheets  of  mica:      This  iron  is  the 
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invention    of 
East  Orange, 


William 

N.  J. 


S.    Hadaway    of 


ELECTRIC  CRANES  FOR  STONE  QUARRIES 

Electric  power  is  now  employed  in 
up-to-date  quarries,  greatly  facilitating 
the  work  and  increasing  the  output  very 
largely  over  earlier  methods  of  opera- 
tion. Not  only  is  the  electric  driven 
traveling  crane  largely  responsible  for 
the  increased  capacity,  but  other  electric 
labor  saving  devices  are  employed  to  ad- 
vantage, and  electric  pumps,  electric 
locomotives  and  electric  drills  are  util- 
ized extensively. 

The  electrically  operated  Belgian 
quarry  shown  in  the  picture  has  an  out- 


CABLE  LAYING  AN  ENTICING  PROFESSION 

Associated  with  the  development  of 
the  world's  system  of  submarine  cables. 
now  aggregating  about  250,000  nautical 
miles,  is  some  admirable  scientific,  tech- 
nical and  administrative  talent. 

As  observed  in  the  Standard  YVeekly 
Supplement  to  "Empire"  there  are  over 
20,000  men  and  a  big  fleet  of  45  ships 
at  present  engaged  in  the  different 
branches  of  cable  work — manufacturing, 
laying,  repairing  and  operating.  Direct- 
ors, managers,  superintendents,  en- 
gineers, electricians  and  operators  must 
all  be  smart  men  in  their  respective  de- 
partments, for  in  this  profession  there  is 


ELECTRIC  CRANES  FOR  STONE  QUARRIES. 


put  of  11,000  cubic  meters  a  year,  the 
blocks  extracted  ranging  up  to  15  and 
20  cubic  meters.  A  cubic  meter  equals 
35.3  cubic  feet. 

The  crane  has  a  capacity  for  lifting 
a  weight  of  11,000  pounds  and  has  a 
span  of  246  feet.  The  total  weight  of 
this  crane  is  450  tons  and  it  travels  on 
a  pair  of  tracks  at  each  end  of  the  span, 
each  consisting  of  four  rails,  the  total 
length  of  travel  being  492  feet. 

All  the  operations  are  performed  elec- 
trically, the  bridge  movement  along  the 
track  and  two  movements  of  the  crane, 
both  horizontal  and  vertical,  being  ac- 
complished by  electric  motors. 


absolutely  no  room  for  a  dolt.  A  re- 
sourceful mind,  prompt  action,  personal 
courage,  devotion  to  duty,  and  a  con- 
tempt for  danger  are  all  required  in  the 
performance  of  their  delicate  duties. 
Wonderful  zeal  and  energy  are  displayed 
by  cable  men,  in  peace  and  in  war. 

It  would  be  difficult  to  imagine  a  more 
attractive  career  for  an  adventurous 
young  man  than  that  which  is  offered  by 
service  in  any  of  the  big  cable  companies. 
There  is  no  exaggeration  in  saying  that 
he  could  by  judicious  changes  of  com- 
panies travel  right  round  the  world  in 
the  practice  of  his  profession  in  the 
course  of  ten  years. 


ELEMEMTARY  ELECTRICITY. 

BY    EDWIN    J.    HOUSTON,    PH.    D.     (PRINCETON.) 
CHAPTER   V. MAGNETIC    EFFECTS    OF    ELECTRIC   DISCHARGES. 


The  passage  of  an  electric  discharge 
through  any  circuit,  no  matter  what 
may  be  the  character  either  of  the  cir- 
cuit or  the  discharge,  is  invariably  at- 
tended by  the  production  of  magnetism. 
So  far  from  being  difficult  to  produce 
magnetism  from  electricity,  it  is  impos- 
sible for  an  electric  discharge  to  occur 
without  being  accompanied  by  magnetic 
effects. 

It  might,  therefore,  naturally  be  sup- 
posed, since  magnetism  can  so  readily 
be  produced  by  electricity,  that  one  of 
the  earliest  discoveries  in  electricity 
would  have  been  that  magnetism  is 
necessarily  the  accompaniment  of  an 
electric  discharge.  In  point  of  fact, 
however,  the  world  remained  in  igno- 
rance of  this  important  fact  until  it  was 
discovered  in  1819  by  Hans  Christian 
Oersted,  Professor  of  Physics  in  the 
University  of  Copenhagen. 

What  renders  all  the  more  curious 
the  failure  to  discover  at  an  earlier  date 
the  relations  existing  between  magnet- 
ism, and  electricity,  was  the  fact  that  it 
had  been  suspected  long  before  1819  that 
some  relation  existed  between  these  two 
great  natural  forces.  Franklin,  by  his 
famous  kite  experiment  in  the  city  of 
Philadelphia,  when  he  drew  electricity 
from  the  clouds,  had  demonstrated,  as 
early  as  1752,  the  identity  between 
lightning  and  electric  discharges.  It 
had  been  noticed  that  lightning  flashes 
frequently  change  the  polarity  of  the 
magnetic  needles  employed  in  the  mar- 
iner's compass.  It  therefore  seems  al- 
most certain  that  an  electric  discharge 
possesses  in  some  way  the  power  of 
producing  magnetic  effects.  Neverthe- 
less, the  world  remained  in  ignorance  of 
just  how  these  effects  were  produced 
until  1 819,  when  the  problem  was  suc- 
cessfully solved  by  Oersted. 

Like  many  other  great  discoveries, 
that  which  demonstrated  the  relation  ex- 
isting between  electricity  and  magnetism, 
although  apparently  difficult  to  make, 
yet,  when  once  made,  proved  to  be  so 
simple  that  it  seemed  astonishing  it  had 
not  been  made  long  before.      As  is  often 


the  case,  what  seemed  to  be  extremely 
simple  after  it  is  once  done,  was  accom- 
plished only  after  long  and  persistent  ef- 
forts. What  could  be  simpler,  when 
Columbus  once  showed  the  way  to 
reach  the  new  world  of  America  from 
Europe,  by  simply  turning  the  vessel's 
prow  towards  the  west  across  the  At- 
lantic? Yet,  it  was  not  until  the  year 
1492  that  this  venturesome  voyage  which 
resulted  in  the  grand  discovery  of  a  new 
world  was  made.  When  once  made  any 
navigator  could  visit  the  new  world  by 
merely  following  in  the  path  pointed  out 
by  the  great  navigator. 

And  so  it  was  in  the  voyage  or  inves- 
tigation that  it  was  necessary  to  make 
in  order  to  show  how  magnetism  can 
be  produced  by  electric  discharges.  Like 
the  sailing  of  Columbus  towards  the 
west,  this  voyage  also  resulted  in  the 
discovery  of  a  new  world,  the  world  of 
electromagnetism,  or  magnetism  produc- 
ed by  means  of  electricity. 

Like  other  scientific  men  who  lived  be- 
fore him,  Oested  firmly  believed  that 
some  simple  relation  actually  existed  be- 
tween electricity  and  magnetism.  All 
others  failed  except  Oersted,  who  suc- 
ceeded only  because,  unlike  his  predeces- 
sors, he  experimented  with  an  electric 
discharge  and  not  simply  with  an  elec- 
tric source  that  is  only  capable  of  pro- 
ducing an  electric  discharge  when  its 
poles  or  terminals  are  closed  or  placed 
in  a  complete  circuit. 

Take,  for  example,  the  experiments- 
that  were  made  with  a  voltaic  battery  in 
1805,  by  Hatchett  and  Desormes.  Con- 
vinced that  an  electric  battery  was 
capable  of  producing  magnetism,  these 
investigators  carefully  insulating,  and  so 
suspending  a  battery  as  to  render  it  cap- 
able of  free  motion,  looked  to  see  it  as- 
sume a  position  like  a  magnetic  needle, 
and  point  approximately  to  the  earth's 
geographical  poles.  Unfortunately  for 
the  success  of  their  experiment,  they 
failed  to  close  the  circuit  of  the  battery, 
and,  no  electricity  flowing,  of  course  no 
magnetic  effects  were  produced. 

All  Oersted  did  was  to  close  the  circuit 
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of  a  voltaic  battery.  It  may  seem  that 
this  was  not  much,  and  yet  it  constitut- 
ed the  entire  difference  between  failure 
and  success.  Nor  are  we  forgetting" 
that  in  a  delicately  suspended  magnetic 
needle  Oersted  employed  a  far  more  sen- 
sitive means  for  detecting  any  magnetic 
effect  than  had  been  offered  by  the 
clumsy  device  of  a  suspended  voltaic 
battery.  Nevertheless,  Oersted's  .  suc- 
cess was  not  due  to  the  greater  sensitive- 
ness of  the  magnetic  needle  than  a  bat- 
tery, but  to  the  fact  that  he  had  exper- 
imented with  an  actual  electric  discharge 
and  not  simply  with  a  device  capable  of 
producing  an  electric  discharge.  In- 
deed, there  is  but  little  doubt  that  if  the 
battery  employed  by  Hatchett  and  Des- 
ormes  had  been  powerful  enough  and 
the  suspension  delicate  enough,  they, 
would  have  made  the  expected  discovery 
had  they  only  closed  the  circuit  of  the 
battery. 

Let  us  now  see  just  how  Oersted 
made  this  discovery.  Closing  the  cir- 
cuit of  a  voltaic  battery  so  that  electric- 
ity could  be  discharged  through  a  cop- 
per wire  connecting  its  poles,  he  held 
the  wire  over  and  parallel  to  a  small 
compass  needle  in  the  manner  represent- 
ed in  Fig.  34,  ("Electricity  in  Everyday 
Life,"  Houston).  The  compass  needle 
had  come  to  rest  under  the  influence  of 
the  earth's  magnetism,  and  was  point- 
ing, approximately,  to  the  earth's  geo- 
graphical north  and  south  poles.  As 
the  discharge  passed  through  the  wTire 
the  needle  was  deflected  from  its  position 
of  rest  in  the  directions  indicated  by  the 
circular  arrows,  provided  that  the  dis- 
charge passed  through  the  wire  in  the 
direction  indicated  by  the  straight  ar- 
rows ;  that  is,  from  the  left  to  the  right. 
There  was  thus  made  a  great  discovery ; 
a  discovery  that  may  properly  be  regard- 
ed as  one  of  the  greatest  in  physical 
science. 

It  did  not  take  Oersted  long  to  dis- 
cover that  the  direction  in  which  the 
compass  needle  is  deflected  depended  on 
the  direction  in  which  the  electric  dis- 
charge is  passing  through  the  conductor. 
If,  instead  of  passing  from  left  to  right, 
or  from  +  to  — ,  as  indicated  in  Fig.  34. 
the  discharge  passed  from  the  right  to 
the  left,  then  the  direction  of  the  deflec- 


tion of  the  needle  was  opposite  to  that 
indicated  by  the  curved  arrows. 

Evidently  the  passage  of  an  electric 
current  through  a  conductor  imparted  to 
the  conductor  the  properties  of  a  mag- 
net. Nor  did  the  character  of  the  con- 
ductor make  any  difference  in  the  effect. 
No  matter  what  substances  formed  the 
circuit,  magnetic  effects  invariably  at- 
tended the  passage  of  the  electric  dis- 
charge. 

As  was  natural,  Oersted's  discovery 
produced  great    excitement    throughout 


FIG'.    34. 

the  scientific  world.  His  experiment, 
simple  in  its  details,  but  great  in  its  re- 
sults, was  repeated  by  many  eminent 
physicians,  among  which  may  be  men- 
tioned Arago,  Davy  and  Ampere. 

In  a  communication  to  the  Royal 
Academy  of  Sciences,  made .  September 
25,  1820,  Arago,  a  French  physicist, 
states  that  when  repeating  Oersted's  dis- 
covery, he  found  that  a  short  conductor 
consisting  of  any  metallic  substance, 
such  as  copper,  acquired,  when  a  power- 
ful electric  discharge  passed  through  it. 
the  property  of  attracting  iron  filings  to- 
wards it  just  as  a  magnet  does.  He  also 
found  that  when  such  a  conductor  was 
bent  in  the  form  of  a  hollow  spiral  or 
coil,  needles  of  steel,  placed  inside  such 
coils,  were  instantly  magnetized  by  the 
passage  of  an  electric  discharge. 

Shortly  afterwards.  Sir  Humphrey 
Davy,  the  celebrated  English  chemist,  in 
a  communication  to  the  Royal  Society  of 
London,  on  November  16,  1820.  describes 
the  results  he  obtained  and  among  oth- 
ers the  following: 

"I  found,  in  repeating  the  experiments 
of  M.  Oersted  with  a  voltaic  apparatus 
of  one  hundred  pairs  of  plates  of  four 
inches,  that  the  south  pole  of  a  common 
magnetic  needle  (suspended  in  the  usual 
way)  placed  under  the  communicating 
wire  of  platinum  (the  positive  end  of  the 
apparatus  being  on  the  right  hand)    was- 
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strongly  attracted  by  the  wire,  and  re- 
mained in  contact  with  it,  so  as  entirely 
to  alter  the  direction  of  the  needle.,  and 
to  overcome  the  magnetism  of  the  earth. 
This  I  could  only  explain  by  supposing 
that  the  wire  itself  became  magnetic  dur- 
ing the  passage  of  the  electricity  through 
it.  and  direct  experiments  which  I  im- 
mediately made  proved  that  this  was  the 
case.  I  threw  some  iron  fillings  on  a 
paper,  and  brought  them  near  the  com- 
municating wire,  when  immediately  they 
were  attracted  by  the  wire,  and  adhered 
to  it  in  considerable  quantities,  forming 
a  mass  round  it  ten  or  twelve  times  the 
thickness  of  the  wire.  On  breaking  the 
communication,  they  instantly  fell  off, 
proving  that  the  magnetic  effect  depend- 
ed entirely  on  the  passage  of  the  electric- 
ity through  the  wire.  I  tried  the  same 
experiment  on  different  parts  of  the 
wire,  which  was  seven  or  eight  feet  in 
length,  and  about  the  twentieth  of  an 
inch  in  diameter,  and  I  found  that  the 
iron  filings  were  everywhere  attracted 
by  it :  and  making  the  communication 
with  wires  between  different  parts  of  the 
battery,  I  found  that  iron  filings  were 
attracted,  and  the  magnetic  needle  af- 
fected in   every  part  of  the   circuit." 

It  appears  that  the  ability  of  a  con- 
ducting wire,  while  carrying  a  discharge, 
to  attract  iron  filings,  thus  observed  by 
both  Arago  and  Davy,  was  made  by 
each  independently  of  the  other. 

But  before  either  of  these  investigat- 
ors, though  almost  at  the  same  time,  an- 
other celebrated  French  physicist.  Am- 
pere, began  a  series  of  experiments  on 
Oersted's  discovery  that  resulted  in  a 
number  of  important  generalizations  that 
led  to  the  invention  of  the  electromag- 
net. Ampere  showed,  in  a  variety  of 
ways,  that  not  only  did  the  short  piece 
of  wire  through  which  the  discharge  was 
passing  acquire  the  properties  of  a  mag- 
net, but  that  all  parts  of  the  circuit  in- 
cluding the  battery  itself  became  mag- 
netic. For  example,  by  closing  the  cir- 
cuit of  the  voltaic  battery,  represented 
in  Fig.  H-  (Ibid),  he  demonstrated  that 
magnetic  needles,  placed  as  shown,  were 
deflected  by  means  of  the  discharge, 
whether  through  the  circuit  outside  the 
battery  or  through  the  internal  circuit 
of  the  battery  itself. 

The  relation  existing  between  electric- 


ity and  magnetism  affords  simple  means 
not  only  for  detecting  the  passage  of  an 
electric  discharge,  not  only  for  determin- 
ing its  direction,  but  also  for  measuring 
the  amount  of  its  discharge,  for  it  was 
soon  discovered  that  the  amount  of  the 
deflection  of  the  needle  varies  with  the 
amount  of  electricity  passing;  that  is. 
with  the  current  strength.  As  the 
amount  of  electricity  increases  the 
amount  of   the   deflection   increases,  the 


needle  tending  to  place  itself  more  near- 
ly at  right  angles  to  the  length  of  the 
conductor  as  the  current  increases. 

In  order  intelligently  to  discuss  the 
production  of  magnetism  by  electric  dis- 
charges, we  will  briefly  consider  a  few 
of  the  effects  produced  by  magnetism. 
In  the  case  of  all  magnets,  there  exists 
outside  of  the  magnet,  a  region  or  space 
called  the  magnetic  field.  This  space 
is  filled  with  peculiar  streamings  or 
whirlings  in  the  universal  ether  that  con- 
stitute what  is  known  as  magnetism. 
Among  other  peculiar  properties  possess- 
ed by  these  streamings  is  that  any  body 
that  is  capable  of  being  magnetized,  in- 
stantly becomes  magnetic  when  brought 
into  them.  It  is  only  necessary  that  the 
streamings  pass  through  the  body  for  it 
to  become  magnetic.  Although  all  bodies 
permit  some  magnetic  streamings  to 
pass  through  them,  and  thus  become 
magnetic,  yet  some,  such  as  iron,  passess 
this  power  to  a  much  greater  extent  than 
others.  As  we  have  seen,  both  Arago 
and  Davy  had  observed  that  when  iron 
filings  were  brought  into  the  neighbor- 
hood of  a  conductor  through  which  an 
electric  discharge  is  passing,  the  con- 
ductor becoming  magnetic  attracted  the 
iron  filings  to  it. 

A  masfnet  can.  therefore,  be  defined  as 
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any  body  that  is  capable  of  producing 
magnetic  streamings ;  or,  as  these  stream- 
ings are  sometimes  called  magnetic  flux. 
Magnetic  flux  is  invisible,  but  both  its 
presence  and  the  paths  it  takes,  can  be 


FIG.    36. 

readily  seen  by  the  use  of  iron  filings. 
For  example,  suppose  the  bar  magnet, 
(NS)  Fig.  36  (S.  P.  Thompson's 
"Dynamo-Electric  Machinery,")  be  sup- 
ported in  a  horizontal  position  as  on  a 
table,  and  a  plate  df  glass  is  placed  over 
it  in  a  horizontal  position.  If  now,  fine- 
ly divided  iron  filings  be  sprinkled  evenly- 
over  the  upper  surface  of  the  glass  plate, 
and  the  plate  be  slightly  tapped  by  a 
lead  pencil  or  penholder,  the  iron  filings 
will  at  once  assume  the  peculiar  group- 
ings shown  in  the  figure.  The  magnetic 
streamings  pass  freely  through  the  glass 
plate  and  especially  through  the  iron  fil- 
ings. These  particles  becoming  mag- 
netic assume  positions  like  beads  strung 
on  the  stream  lines  of  magnetic  flux. 

The  preceding  figure  only  shows  the 
directions  of  the  flux  streams  lying  in  a 
single  plane;  that  of  the  glass  plate.  If 
the  same  bar  magnet  be  supported  in  a 
vertical  position,  as  shown  in  Fig.  37 
(Ibid),  and  a  collection  or  grouping  of 
iron  filings  be  obtained  in  a  manner  sim- 
ilar to  that  already  described,  the  pecu- 
liar groupings  shown  will  be  obtained. 
Here  the  paths  of  the  magnetic  stream- 
ings appear  to  radiate  or  pass  in  all  di- 
rections in  straight  lines  from  the  mag- 


net. In  reality,  however,  as  could  be 
shown,  these  paths  extend  outwards  in 
curved  lines  from  the  ends  of  the  mag- 
net. 

If  the  conductor  through  which  an 
electric  discharge  is  passing  instead  of 
being  held  in  a  horizontal  position  above 
and  parallel  to  a  magnetic  needle  that 
has  come  to  rest  under  the  influence  of 
the  earth's  magnetism,  as  already  shown 
in  the  first  figure  of  this  article,  is  sup- 
ported in  a  vertical  position,  a  magnetic 
needle  when  brought  into  its  neighbor- 
hood will  be  deflected  in  different  direc- 
tions according  to  the  side  of  the  con- 
ductor near  which  it  is  brought.  If,  for 
example,  the  north  pole  of  the  needle  is 
deflected  in  a  certain  direction  on  any 
side  of  the  conductor,  it  will  be  deflected 
in  the  opposite  direction  on  the  opposite 
side  of  the  conductor  ;  and  the  same  is 
true  of  any  other  position.  If,  for  ex- 
ample, four  different  magnetic  needles 
are  placed  as  shown  in  Fig.  38  (Hous- 
ton &  Kennelly's  "Magnetism"),  900 
apart,  or  diametrically  opposite  one  an- 
other, they  would,  under  the  influence 
of  electric  discharge,  assume  positions 
as   represented ;    the   north    pole   would 
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point  to  the  right  hand  at  ^D)  and  to 
the  left  hand  at  (B)  diametrically  op- 
posite (D).  So.  too,  the  directions  of 
the  deflections  will  be  opposite  to  each 
other   at    (A)    and    (C). 

If,    instead    of     using     four     magnets 
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only,  as  represented  in  Fig.  38,  a  greater 
number  of  magnets  are  employed,  as  by 
using  finely  divided  iron  filings,  the  flux 
passing  through  the  particles  of  iron  fil- 
ings will  magnetize  them  and  cause 
them  to  come  to  rest  in  the  directions  in 
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FIG.   38. 

which  the  flux  is  passing.  This  can  be 
shown  by  placing  a  plate  of  glass,  or  a 
piece  of  stiff  cardboard  in  a  horizontal 
position;  sprinkling  iron  filings  over  its 
surface  and  tapping  as  before,  when 
there  will  be  obtained  the  groupings 
shown  in  Fig.  39  (S.  P.  Thompson's 
dynamo-electric  machinery).  An  exam- 
ination of  this  figure  will  show  that  the 
discharge  of  electricity  through  a  con- 
ductor produces  in  the  space  around  the 
conductor  concentric  streamings  or 
whirlings  that  move  in  circular  paths 
around  the  wire  as  a  common  center. 
As  the  amount  of  electricity  passing 
through  the  wire  increases,  the  space  oc- 
cupied by  the  circular  flux  increases,  so 
that  the  flux  appears  to  move  outwards 
from  the  wire.  On  the  other  hand,  when 
the  amount  of  the  electric  discharge  de- 
creases, the  flux  lines  apparently  move 
towards  the  axis  of  the  conductor. 

A  simple  bar  magnet  when  carefully 
examined  will  be  found  to  possess  two 
places,  at  nearly  opposite  sides  or  ends 
where  the  strength  of  its  magnetism  is 
greatest.  This  can  be  shown  by  rolling 
a  bar  magnet  in  iron  filings  and  then 
removing  it  from  the  filings  and  giving 
it  a  number  of  taps  ;  the  filings  will  col- 
lect not  evenlv  on  the  surface  of  the  bar 


but  in*  greater  quantities  near  the  ends. 
These  ends  constitute  what  are  called 
magnetic  poles.  Their  position  can  be 
best  determined  by  supporting  the  bar 
magnet  midway  between  its  extremities 
as  shown  in  Fig.  40.  Under  these  cir- 
cumstances, the  magnet  will  be  able  to 
move  in  a  horizontal  position,  and  will, 
as  is  well  known,  point  approximately 
to  the  earth's  north  and  south  poles,  so 
that  the  ends  of  the  magnet  are  called 
the  north  and  south  poles  of  the  magnet. 
A  careful  examination  of  the  group- 
ings of  iron  filings  obtained  on  the  glass 
plate,  as  shown  in  Fig.  37,  magnetic 
flux  appears  to  pass  out  from  all  por- 
tions of  the  bar  magnet,  so  that  there 
are  in  reality  a  number  of  separate  mag- 
nets. It  can  be  shown,  however,  that 
the  amount  of  this  flux  is  greatest  near 
the  ends  or  poles  of  the  magnet.  It  will 
also  be  seen  from  an  examination  of  this 
figure  that  the  flux  apparently  comes 
from  both  poles  of  the  magnet.  This, 
however,  is  only  apparent.  It  is  believed 
that  the  flux  passes  out  of  the  magnet  at 
its  north  pole,  and  after  having  passed 
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through    the    space   around   the    magnet 
re-enters  it  at  its  south  pole. 

Since  magnetic  flux  is  invisible  it  is 
not  definitely  known  whether  the  flux 
comes  out  of  a  magnet  at  its  north  or 
at  its  south  pole.  For  convenience, 
however,  it  has  been  generally  agreed  to 


regard  the  flux  as  comin< 


out  of  a  mag- 
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net  at  its  north  pole  and  re-entering  at 
its  south  pole,  after  passing  through  that 
portion  of  its  path  that  lies  outside  the 
magnet. 

But  our  knowledge  of  the  magnetic 
flux,  produced  by  a  magnet  or  by  an 
electric  discharge,  is  not  limited  to  the 
shape  of  its  path,  but  extends,  by  agree- 
ment, to  the  direction  in  which  the  flux 
moves  through  that  path.  It  is  from  the 
north  pole  of  the  magnet  that  the  flux 
passes  out  of  the  magnet  into  the  space 
surrounding  it,  and  it  is  at  the  south 
pole  of  the  magnet  that  the  flux  re-en- 
ters  it. 

The  magnetic  flux  that  moves  in  cir- 
cular paths  around  the  axis  of  the  con- 
ductor through  which  an  electric  dis- 
charge is  passing  also  possesses  direc- 
tion; or,  in  other  words,  polarity.  This, 
indeed,  would  naturally  follow  from  the 
fact  that  an  active  conductor  causes  the 
magnetic  needle  to  puint  to  it  in  certain 
direction.  Without  going  any  further 
into  this  subject  at  present,  it  may  be 
said  that  if,  as  in  Fig.  41  (Houston's 
"Electricity  in  Everyday  Life")  (DD) 
represents    a    conductor    through    which 


FIG.   40. 

a  current  is  flowing  from  below  upward 
and  (B  B)  represents  a  sheet  of  card- 
board with  the  conductor  passing 
through  its  center,  then  the  passage 
of  the  discharge  will  be  attended  by 
the  production  of  the  circular  lines  of 
magnetic  force,  and  the  direction  of  the 
flux  in  these  circular  paths  will  be  that 
indicated  by  the  curved  arrows.  As  will 
be  seen,  this  direction  is  opposite  to  that 
of  the  hands  of  a  watch  or  clock,  or  is 
what  is  known  as  a  counter  clockwise 
motion.  The  grouping  of  iron  filings 
around  an  active  conductor,  when  the 
current   is  passing  from  below   upward. 


the  direction  of  the  circular  lines  of 
force,  on  which  are  strung  as  beads  the 
separate  particles  of  iron  filings,  will 
also  be  counter-clockwise. 

When   a   magnetic   needle    is   brought 
into  the  field  of  another  magnet,  attrac- 


FIG.    41. 

tion  or  repulsion  will  occur,  and  the 
needle  will  only  come  to  rest  when  the 
flux  produced  by  the  field  passes  through 
the  magnet  in  the  same  direction  as  that 
in  which  its  own  flux  passes.  In  other 
words,  the  flux  of  the  field  must  enter 
the  magnet  at  its  south  pole  and  pass 
out  of  it  at  its  north  pole.  If,  therefore, 
in  Fig.  38  (B)  represents  the  direction 
of  the  flux  produced  by  a  discharge 
passing  vertically  upwards  through  the 
conductor  (O),  the  four  magnets  (A), 
(B),  (C)  and  (D),  placed  on  different 
sides  of  the  conductor,  must  come  to 
rest  in  the  positions  shown,  since  in 
these  positions  only  will  the  flux  of  the 
conductor  be  able  to  pass  in  at  their 
south  poles  and  out  at  their  north  poles. 
(To  be  continued. ) 

CENTRAL  STATION  ON   WRECKED   SHIP. 

A  member  of  the  New  York  Maritime 
Exchange  is  authority  for  the  statement 
that  a  town  on  the  coast  of  Guatemala 
is  being  supplied  with  electrical  service 
from  the  abandoned  wreck  of  a  German 
steamer.  The  steamer  was  wrecked  some 
time  ago  off  the  shore  of  Ocos,  a  small 
town  on  the  west  coast,  and  while  the 
hull  has  settled  deeply  in  the  sand,  the 
dynamo  and  a  boiler  (presumably  the 
"donkey"  boiler)  are  not  submerged  and 
are  in  good  condition.  A  Gautemalan  en- 
gineer rigged  up  a  line  to  the  shore,  pur 
the  electrical  generating  machinery  in 
operating  condition,  and  is  now  stated  to 
be  supplying  the  town  with  electric  iight. 


BERLIN  LONG  DISTANCE  TELEPHONE  EXCHANGE. 


From  the  Berlin  long  distance  tele- 
phone exchange  a  vast  amount  of  inter- 
urban  business  is  handled  as  well  as 
long  distance  service  between  Breslau, 
Leipzig,  Nurnberg,  Wiesbaden  and  oth- 
er important  German  cities.  It  is  stated 
that  the  Berlin  long  distance  connections 
alone  amount  to  over  6.000  per  day, 
while  those  from  Charlottenburg  and  the 
surrounding  towns  increase  the  number 
to  over  1,200  per  day. 

The   new   Ions'   distance   office    shown 


with  two  operators'  seats,  each  taking 
three  long  distance  lines.  The  distribut- 
ing boards  are  connected  with  the  vari- 
ous city  offices  provided  with  the  usual 
lamps  and  connections.  The  room  looks 
very  much  like  the  operating  room  of 
an  American  exchange  with  the  excep- 
tion of  the  operators'  chairs,  which  are 
used  instead  of  the  high  stools  common 
in  this  country. 

From  nine  o'clock  in  the  evening  until 
seven  in  the  morning  long  distance  serv- 


BERLIN     LONG    DISTANCE     TELEPHONE    EXCHANGE. 


herewith  is  designed  for  500  long  dis- 
tance lines,  of  which  252  lines  have  been 
installed.  For  handling  these  circuits 
there  are  42  long  distance  boards  for 
day  service  and  four  night  long  distance 
boards,  as  well  as  distributing  boards 
and  testing  boards.  The  operating  room 
is  very  artistically  arranged  and  decorat- 
ed as  shown  in  the  cut,  incandescent 
lamps  being  mounted  above  the  boards, 
with  gas  used  for  auxiliary  illumination. 
As  will  be  noted  in  the  illustration, 
each    long    distance   board    is     provided 


ice  is  handled  from  four  boards,  each  ar- 
ranged for  two  operators,  in  this  case  30 
long  distance  lines  are  cared  for  by  each 
operator. 


ELECTRICITY  FOR  CURING  MEATS. 

An  invention  which,  it  is  said,  will 
revolutionize  the  curing  of  meats  has 
been  perfected  by  Cleveland  men.  Elec- 
tricity will  be  used  to  cause  the  salt  to 
penetrate  the  meats  and  thus  prepare 
them  for  market  in  one  quarter  the  time 
the  present  method  requires. 


STEPS   NECESSARY  IN  PATENTING   INVENTIONS. 


BY   MAX   W.    ZABEL. 


The  profitable  nature  of  inventions  is 
well  understood,  but  information  is  not 
always  at  hand  to  enable  the  individual 
to  clearly  comprehend  the  necessary 
steps  to  be  followed  in  obtaining  pat- 
ents on  inventions  himself,  or  to  guide 
him  in  seeing  that  his  patent  application 
is  being  conscientiously  prosecuted  by 
the  attorney. 

To  bring  the  invention  properly  be- 
fore the  patent  office  it  is  necessary  to 
file  papers  and  drawings  together  with 
claims  of  the  alleged  invention,  all  of 
which  must  be  in  a  certain  specified 
form. 

A  complete  patent  application  com- 
prises a  petition,  specification  and  claims, 
an  oath,  a  drawing  or  drawings  to- 
gether with  a  model  when  needed,  and 
the  first  government  fee  of  $15.00. 

All  of  the  above  papers  excepting  the 
drawings  must  either  be  legibly  written, 
typewritten  or  printed.  A  model  is  re- 
quired only  in  the  most  exceptional 
cases. 

When  all  the  above  papers  are  received 
by  the  patent  office,  the  application  is 
given  a  serial  number  and  is  then  taken 
up  for  examination  in  its  regular  order. 

The  first  part  of  the  application  com- 
prises  the  petition   and   it   should  be   in 
the  following  language : 
"To  the  Commissioner  of  Patents : 

Your  petitioner ,  a  citi- 
zen of  the  United  States,  residing  at 
,  in  the  County  of 


and  state  of 
dress 


-,  postoffice  ad- 
-,   prays   that  Letters 
Patent  may  be   granted  to   him   for  the 

improvement  in 

set  forth  in  the  annexed  specification. 


Following  this  comes  the  preamble : 
"To  all  whom  it  may  concern  : 

Be  it  known  that  I, .  a 

citizen  of  the  United  States,  residing  at 

— ,  in  the  county  of , 

and  state  of ,  have  invented  a 

certain  new  and  useful  improvement  in 
,  of  which  the  fol- 
lowing is  a  full,  clear,  concise  and  exact 
description,    reference   being   had   to   the 


accompanying  drawing  forming  a  part 
of  this  specification." 

Now  follows  a  general  description  of 
the  invention,  using  the  reference  num- 
bers which  are  placed  upon  the  drawing 
to  identify  the  parts.  Care  should  be 
taken  that  in  the  description  it  is  pointed 
out  that  the  form  of  the  invention  de- 
scribed, is  only  one  form  in  which  the 
invention  can  be  carried  out,  and  that 
the  invention  is  capable  of  many  modifi- 
cations. It  is  not  necessary  and  is  gen- 
erally unwise  to  show  more  than  one 
form  of  carrying  out  the  invention  in  the 
drawing,  because  the  patent  office  will 
permit  claims  in  any  application  only  on 
one  form  of  the  invention,  although  of 
course  claims,  broad  enough  to  cover  -a 
great  variety  of  forms  of  carrying  out 
the   invention   are   permitted. 

These  drawings  must  be  made  accord- 
ing to  patent  office  specifications  which 
require  that  they  be  made  upon  pure 
white  paper  of  a  thickness  correspond- 
ing to  three-ply  Bristol  board,  and  must 
be  executed  with  India  ink.  so  that  all 
lines  are  perfectly  black.  The  size  of  the 
sheet  must  be  10  inches  by  15  inches  with 
a  margin  line  drawn  along  all  four  edge?, 
one  inch  from  each  edge. 

A  space  of  not  less  than  i1^  inches 
must  be  left  at  the  top  of  the  sheet  for 
printing  which  is  supplied  by  the  patent 
office. 

Each  sheet  of  drawing  must  be  signed 
in  the  right  hand  lower  corner  by  the 
inventor  under  a  heading  "Inventor" ; 
and  two  witnesses  must  sign  in  the  left 
hand  lower  corner  under  a  heading 
"Witnesses." 

After  the  specifications  come  the 
claims  which  are  very  important.  There 
are  many  patents  issued  where  inventors 
without  the  necessary  knowledge  have 
prosecuted  their  own  cases  only  to  get 
limited   and   generally   worthless   claims. 

The  claim  is  the  most  \  ulnerable  point. 
For  instance,  one  which  goes  into  de- 
tails, very  often  using  some  of  the  refer- 
ence numerals  of  the  drawing,  is  nar- 
row and  any  slight  mollification  from  the 
specific  wording  of  the  claim  will  not  be 
an  infringement. 
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You  frequently  hear  it  said  that  all  you 
have  to  do  is  to  change  a  little  screw  and 
then  you  don't  infringe.  Well,  that  is 
the  inv.  . tor's  own  fault  for  not  having 
either  the  necessary  knowledge  of  draw- 
ing claims  himself  or  for  not  having  con- 
sulted a  good  and  competitent  attorney. 

The  less  elements  there  are  in  a  claim 
the  broader  it  is  and  the  more  details 
that  are  added  to  a  claim  the  narrower  it 
becomes. 

After  the  claims  it  is  necessary  to  sup- 
ply the  following  ending : 

"In  witness  whereof  I  hereunto  sub- 
scribe my  name,  this day  of , 

A.  D.  190—,"  with  the  names  of  the  pat- 
entee and  two  witnesses  appended. 

Following  this  comes  the  oath  which 
should  have  the  following  form  : 
"State  of ,  County  of , 

,  the  above 

named  petitioner,  being  duly  sworn,  de- 
poses  and   says  that  he  is   a   citizen  of 

the  United  States  and  resident  of 

in    the    county    of and 

state  of ,  and  that  he 

verily  believes  himself  to  be  the  original, 
first  and  sole  inventor  of  the  improve- 
ment in described 

and  claimed  in  the  annexed  specification: 
that  he  does  not  know  and  does  not  be- 
lieve the  same  was  ever  known  or  used 
before  his  invention  or  discovery  there- 
of ;  or  patented  or  described  in  any 
printed  publication  in  the  United  States 
of  America  or  any  foreign  country  be- 
fore his  invention  or  discovery  thereof 
or  more  than  two  years  prior  to  this  ap- 
plication ;  01:  in  public  use  or  on  sale 
in  the  United  States  for  more  than  two 
years  prior  to  this  application  and  that 
no  application  for  foreign  patent  has 
been  filed  by  him  or  his  legal  representa- 
tives or  assigns  in  any  foreign  country 
except . 


Sworn  /to   and    subscribed   before   me 
this day  of .  190--. 


Notary  Public." 
This  then  completes  all  the  papers 
necessary  to  be  filed.  After  the  case  has 
been  taken  up  and  examined  by  the  pat- 
tent  office,  which  sometimes  takes  six 
months,  then  a  letter  is  sent  by  the  pat- 
ten t  office  outlining  their  objections  and 
citing  prior  patents. 


In  answering  this  letter  is  where  the 
skill  of  the  attorney  can  be  shown,  so  to 
redraw  the  claims  that  they  do  not  cover 
what  the  patent  office  shows  to  be  old, 
and  yet  cover  everything  else  besides  to 
safeguard  all  modifications  of  the  inven- 
tion. 

Thus  correspondence  is  carried  on  to 
and  fro  with  the  patent  office  until  the 
case  is  finally  allowed. 

Upon  payment  of  the  final  govern- 
ment fee  of  $20.00  the  patent  will  then 
be   issued. 


A  COMPLICATED  COMPLAINT. 

The  telephone  manager  is  fortunate 
when  a  letter  of  complaint  is  capable  of 
being  turned  into  a  source  of  amusement. 
This  sometimes  happens,  as  is  shown  by 
the  following  letter,  received  by  the  tele- 
phone company  at  San  Francisco : 

Gentlemen :  I  now  take  the  steps  to 
inform  you  that  I  have  no  prosperity  at 
present  time  with  the  restaurant  which 
I  keep,  so  I  must  take  cheaper  rate 
phone.  My  nearly  by  neighbor  has  got 
a  phone  also  which  is  a  nickel  kind  I 
like  to  get  the  phone  as  him  but  another 
one.  I  make  two  requesteds  of  the  re- 
cent dates  for  to  have  sent  up  a  man  to 
do  as  above  required  but  nobody  show 
up  to  do  it  for  me  and  further,  I  wait  all 
last  weeks  expect  for  him  to  come  but 
not. 

Please  kind  sirs  make  a  hurry  as  soon 
as  you  possible  in  order  to  help  out  my 
business  troubles  which  I  worry  every 
day  since  hard  times  can  come  by.  As 
a  matters  of  importance  I  request  to  you 
a  new  book  for  my  place  one  with  out- 
side city  names  which  I  understand  is  in 
the  uses  of  subscribers  for  telephones. 

Here  I  also  complain  against  operator 
on  my  fone  is  very  bad,  she  say  hello 
what  number  you  want  and  I  say  the 
number  and  she  say  questions  after 
questions  again  for  the  same  number 
and  call  skidoo  skidoo  every  time  I  make 
a  requests  for  numbers.  I  wish  you  for 
to  please  kindly  make  a  stops  to  prevent 
some  more  as  this. 

Please  sent  up  a  man  as  before  re- 
quests and  do  much  to  get  service  as 
better  what  is  possible  and  I  am  obliged. 
Very  truly,  Y.  Sugihara. — Journal  of 
Electric  Power  and  Gas. 
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ELECTRICITY   AND    SUB-MARINE    MINES. 

The  fact  that  the  United  States  gov- 
ernment is  about  to  expend  a  quarter  of 
a  million  dollars  for  the  conversion  of 
one  of  its  vessels — the  U.  S.  S.  Balti- 
more— into  a  "mine-planting  ship"  serves 
to  call  attention  to  one  of  the  least  known 
and  yet  one  of  the  most  interesting  and 
important  modern  uses  of  electricity. 
Reference  is  made  to  the  use  of  the  cur- 
rent in  the  discharge  or  explosion  of 
sub-marine  mines.  Sub-marine  mines, 
it  may  be  explained,  afford  one  of  the 
best  means  of  protecting  a  harbor,  river 
or  other  waterway  against  invasion  by  an 
enemy's  ships. 

The  subaqueous  mine  which  at  the 
outset  was  nothing  more  nor  less  than 
an  anchored  torpedo  first  came  into  use 
during  the  Civil  War  and  during  that 
memorable  conflict  no  less  than  22  ves- 
sels were  destroyed  and  numerous  others 
were  seriously  damaged  by  this  means. 
During  the  two  score  years  that  have  in- 
tervened since  that  time  many  notable 
improvements  have  been  made  in  sub- 
marine mines  not  the  least  important  of 
which  has  been  the  substitution  of  gun 
cotton"  for  powder  as  an  explosive.  The 
ingenuity  of  electrical  engineers  has  been 
largely  responsible  for  the  marked  im- 
provements which  have  been  made  in 
mines. 

Present  day  submarines  are  divided 
into  several  general  classes,  including 
''observation  mines,"  "electrocontact 
mines"  and  electromechanical  or  electro- 
chemical mines.  The  observation  mine, 
as  may  be  inferred  from  the  name,  is  ex- 
ploded upon  observation  and  is  complete- 
ly under  the  control  of  an  observer  sta- 
tioned at  some  convenient  point  on 
shore.  The  electrocontact  mine  is  free 
to  explode  on  contact  with  the  bottom 
of  a  vessel,  provided  the  shore  ends  of 
an  electric  circuit  have  been  closed.  The 
electromechanical  or  electrochemical 
mine  is  sufficient  unto  itself  and  once 
planted  will  explode  of  its  own  accord, 
so  to  speak.  The  electrocontact  mine  is 
the  most  favored  of  all  the  varieties  and 
is  the  surest  and  most  effective  in  its 
operation  where  current  and  tidal  con- 
siderations permit  its  employment. 

The  approved  type  of  electrocontact 
mine  is  made  cither  of  iron  or  steel  and 
may  be  either  spherical  or  cylindrical  in 


shape.  It  carries,  as  a  rule,  a  charge  of 
75  pounds  of  gun  cotton,  which  charge 
is  stowed  in  copper  cases  around  the 
primer,  one  case  having  a  hole  in  the 
center  for  the  reception  of  this  attach- 
ment. In  the  center  of  the  mine  and 
over  the  charge  is  a  shelf  or  platform, 
supporting  a  pedestal  upon  which,  in 
turn,  is  placed  the  circuit  closer. 

In  an  up-to-date  mine  of  this  type  the 


EXPLODING'     SUBMARINE     MINE     BY 
ELECTRICITY. 

circuit  closer  consists  of  an  upright  steel 
cylinder  containing  a  fine  iron  spindle, 
which,  insulated  at  the  top.  points  down 
to  the  cylinder.  A  wire  connects  with 
the  upper  end  of  the  spindle  and  passes 
down  outside  to  the  primer.  Fine  re- 
distilled mercury  fills  the  lower  part  of 
the  circuit-closer  cylinder  but  does  not 
reach  high  enough  to  touch  the  lower 
end  of  the  iron  spindle.  Another  wire  is 
immersed  in  the  mercury  and  that  wire 
also  passes  down  and  around  to  the 
primer.  To  close  the  circuit  it  is  neces- 
sary to  heel  the  mine  over  to  an  angle 
of  70  degrees  and  then  the  end  of  the 
second  wire  and  the  lower  end  of  the 
spindle  are  both  bathed  in  the  metal  con- 
tact of  the  mercury  and  the  circuit  is 
complete,  provided  the  shore  ends  of  the 


wire 


ave 


been  joined. 


ELECTRICITY  IN  MEDICINE. 


BY  OTTO  JUETTXER,   M.  Dv   PH.  D. 

Part  V. 


The  Roentgen,  or  X-rays,  are  not, 
strictly  speaking,  electrical  manifesta- 
tions. They  are,  however  phenomena 
that  depend  on  the  action  of  certain  elec- 
trical modalities  under  certain  conditions 
and  for  this  reason  it  seems  eminently 
proper  to  discuss  them  in  connection 
with  the  uses  of  electricity  in  medicine. 
Xothing  has  contributed  more  to  the 
popularization  of  electrotherapy  than  the 
discovery  of  the  X-rays  by  Prof.  Roent- 
gen. 

Roentgen  was  experimenting  with 
high  tension  currents.  He  studied  the 
effects  which  these  currents  produce 
when  passing  through  a  glass  tube  out 
of  which  more  or  less  of  the  air  has  been 
exhausted.  Crooke,  an  English  scien- 
tist, constructed  glass  tubes  which  were 
provided  with  two  terminals  for  the  re- 
ception of  positive  and  negative  elec- 
tricit}  .  These  tubes  were  called  Crooke's 
tubes.  Roentgen  was  studying  the  ac- 
tion of  high  tension  currents  when  pass- 
ing through  these  tubes,  and  the  pecu- 
liar fluorescent  effects  that  they  pro- 
duced on  certain  chemical  substances. 
He  found  a  peculiar  form  of  fluorescence 
that  was  different  from  anything  that 
was  known  at  that  time.  He  had  found 
an  unknown  variety  of  rays  and,  not 
being  able  to  account  for  them  or  to  ex- 
plain their  conduct,  he  called  these  rays 
X-rays,  the  symbol  "X"  meaning  "un- 
known quantity." 

Two  things  are  necessary  for  the  pro- 
duction of  Roentgen  rays :  A  machine 
that  will  generate  a  rapidly  interrupted 
current  of  high  tension,  and  a  properly 
constructed  Crooke's  tube. 

The  machine  to  generate  the  current 
is  either  a  static  machine  or  an  induc- 
tion coil.  For  X-ray  work  static  ma- 
chines have  nowadays  become  almost 
obsolete.  A  well  constructed  induction 
coil  is  the  proper  •  kind  of  a  generator. 
The  construction  of  an  induction  coil  we 
have  discussed  in  a  previous  chapter. 

In  order  to  interrupt  the  current  with 
suitable  frequency,  a  special  instrument 
called  an  interrupter  is  used.  It  is  put  in 
the   circuit   of   the   current    and   may   be 


either  an  electrolytic  (chemical)  inter- 
rupter or  a  turbine  by  which  the  current 
is  interrupted  mechanically.  In  the  lat- 
ter case  a  motor  furnishes  the  power  by 
which  the  turbine  is  rotated. 

The  rapidly  interrupted  current  of 
high  tension  which  is  generated  by  the 
coil  is  carried  by  two  wires  to  the  tube. 
The  tube  has  a  special  terminal  (anode) 


FIG.    IS.     MODERN    X-RAY    TUBE. 

for  the  positive  current  and  another 
(cathode)  for  the  negative  current. 
Fig.  1 8  shows  the  type  of  X-ray  tube 
which  is  used  at  present. 

The  disk  in  the  center  of  the  tube  is 
the  anode  or  the  positive  terminal.  The 
wire  carrying  the  positive  current  is  at- 
tached at  (G).  The  current  reaches  the 
anode  through  the  spiral  wire  which  be- 
gins at  (G)  and  connects  with  the 
straight  stout  wire  upon  which  the  anode 
is  mounted.  At  (K)  the  negative  wire 
is  attached.  The  current  travels  along 
the  stout  straight  wire  which  begins  at 
(K)  and  carries  on  its  other  end  the 
cathode  or  negative  terminal.  The 
crank  shaped  attachment  on  the  outside 
of  the  tube,  almost  below  the  cathode,  is 
the  place  where  the  tube  maker  or  glass 
blower  attaches  his  instrument  when  he 
exhausts  the  tube.      (R)    is  the  part  of 
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the  tube  which  is  turned  toward  the  ob- 
ject to  be  treated  or  examined.  The 
Roentgen  rays  are  given  off  from  the 
outside  of  the  tube,  or  to  be  explicit,  from 
the  hemisphere  of  the  tube  which  is  in 
front  of  the  anode.  There  are  no  rays 
back  of  the  anode.  When  the  tube  is 
properly  excited,  the  hemisphere  in 
front  of  the  anode  is  aglow  with  a  char- 
acteristic greenish  light  while  hardly  any 
light  appears  in  the  half  which  is  situ- 
ated back  of  the  anode. 

A  tube  which  has  been  exhausted,  rep- 
resents a  relative  vacuum.  The  vacuum 
is  not  perfect  because  the  glass  bulb 
could  not  stand  the  pressure.  It  would 
collapse.  The  vacuum,  therefore,  is  a 
relative  one.     The  tube   still  contains   a 


hardness  or  softness  of  the  tube  is  of 
the  greatest  importance.  The  softer  the 
tube  is,  the  greater  is  the  amount  of  X- 
ray  energy  produced,  but  the  smaller  is 
the  degree  of  their  penetrating  power. 
The  harder  the  tube,  the  smaller  the 
amount  of  the  X-ray  energy  but  the 
greater   the    penetrating    power  of    the 


FIG.    19. 


certain  amount  of  gas  or  air.  This 
amount  is  variable.  There  may  be  a 
great  deal  of  gas  or  air  in  the  tube  or 
there  may  be  but  little.  There  may  be 
any  number  of  degrees  of  exhaustion.  If 
the  exhaustion  is  comparatively  high  and 
but  little  air  remains  in  the  tube,  the  lat- 
ter is  called  a  "hard"  or  a  high  tube.  If 
the  exhaustion  is  imperfect  and  quite  a 
good  deal  of  air  remains  in  the  tube,  the 
latter  is  known  as  a  "soft"  or  a  low  tube. 
We  can  readily  understand  that  between 
extreme  hardness  and  extreme  softness 
of  a  tube  there  are  innumerable  degrees 
of  exhaustion.  The  point  to  remember 
is  that  a  tube  varies  constantly  in  its 
vacuum.  The  vacuum  is  not  constant. 
A  tube  may  to-day  be  soft,  to-morrow 
less  so,  in  a  week  quite  hard. 

From   a   practical    point   of   view    the 


rays.  Considering  that  the  results  of  X- 
ray  work  depend  on  the  physical  char- 
acteristics of  the  tube,  we  can  readily 
see  that  it  is  desirable  and  in  fact  impera- 
tively necessary  to  be  able  to  control  the 
degree  of  vacuum  in  the  tube.  This  is 
the  object  of  the  attachment  which  in 
our  illustration  is  seen  above  the  tube 
proper.  It  is  also  made  of  glass  and 
communicates  with  the  tube  by  means 
of  a  pipe  (A).  This  attachment  also  has 
a  positive  terminal  (J)  and  a  negative 
terminal  (C).  The  positive  is  seen  to 
end  in  a  small  spiral  wire.  The  straight 
wire  (E)  represents  the  negative  side 
and  is  movable.  It  can  be  brought  near 
(K).  Since  the  object  of  the  smaller 
tube  above  the  X-ray  tube  proper  is  to 
regulate  the  vacuum  in  the  larger  tube, 
it  is  called  the  "regulating  attachment." 
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By  allowing  the  negative  current  to  run 
through  the  negative  terminal  in  the  reg- 
ulating attachment  instead  of  the  nega- 
tive terminal  of  the  X-ray  tube  proper, 
the  vacuum  of  the  X-ray  tube  is  lowered. 
The  negative  terminal  in  the  regulating 
attachment  is  made  not  of  metal  but  of 
a  chemical  mixture  which  sets  nitrogen 


Figs.  19  and  20  show  two  different 
types  of  X-ray  coils  which  are  used  now- 
adays. Fig.  19  shows  also  the  two  kinds 
of  interrupters  (electrolytic  or  chemical 
and  mechanical)  used. 

The  Roentgen  or  X-rays  are  principal- 
ly used  to  render  a  part  of  the  body  trans- 
lucent.    Different   substances   offer   dif- 


fig.  20. 


gas  free  the  moment  the  negative  cur- 
rent passes  through  it.  The  nitrogen 
gas  passes  through  (A)  into  the  interior 
of  the  X-ray  tube  proper  and  in  this  way 
decreases  the  degree  of  intra-tubular 
pressure.  The  tube  becomes  softer.  If 
we  wish  to  increase  the  pressure  and 
make  the  tube  harder,  we  allow  the  posi- 
tive current  to  pass  through  the  platinum 
spiral  (J).  The  latter  heats  up  and  ab- 
sorbs gas  which  is  present  in  the  interior 
of  the  tube.  Thus  the  pressure  rises 
and  the  tube  becomes  harder. 


ferent  degrees  of  resistance.  The  soft 
parts  offer  hardly  any,  while  the  bones 
offer  quite  a  good  deal,  depending  on 
their  thickness  and  density.  Metallic 
substances  are  impermeable,  especially 
lead.  Thus,  if  we  examine  a  hand  by 
means  of  X-rays,  we  would  see  the  bones 
distinctly  while  the  soft  tissues  are  hard- 
ly visible.  The  softer  the  tube,  the  dark- 
er the  bones  would  appear.  If  there  is 
a  metallic  substance  in  the  hand,  for  in- 
stance, a  pin  or  a  bullet,  it  would  plainly 
show.     Breaks  in  bones  or  bonv  tumors 
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can  be  distinctly  seen,  likewise  disloca- 
tions. Solid  concretions  in  the  kidneys 
or  in  the  bladder  (stones  or  calculi)  can 
be  located  by  X-rays.  The  so-called 
gallstones,    however,    cast    hardly    any 


A  photograph  is  a  light  picture,  a  skia- 
graph is  a  shadow  picture.  If  we  take 
a  photographic  sensitive  plate  and,  be- 
fore taking  it  out  of  the  dark  room,  wrap 
it  up  in  black  paper  in  order  to  prevent 


FIG.    21.     EXAMPLE    OF    X-RAY    BURN. 


shadow  because  they  are  porous  and  the 
rays  pass  through  them. 

There  are  two  kinHs  of  X-ray  exam- 
ination. If  we  place  the  part  to  be  ex- 
amined, for  instance  a  hand,  in  front  of 
the  excited  X-ray  tube  and  wish  to  actu- 
ally see  through  it,  we  must  use  a  chem- 
ical substance  which,  if  placed  in  the 
field  of  X-ray  energy,  will  become  fluor- 
escent. There  are  many  chemicals  of 
this  kind.  The  chemical  mixture  is 
spread  on  a  piece  of  pasteboard  and  the 
latter  enclosed  in  a  box  with  an  opening 
for  the  eyes  of  the  operator.  By  looking 
at  a  hand  held  between  tube  and  screen, 
the  hand  becomes  translucent.  The  box 
containing  the  fluorescent  screen  is  called 
a  "fluoroscope."  This  kind  of  examina- 
tion is  of  doubtful  value  because  of  the 
liability  of  the  human  eye  to  be  mistaken 
and  thus  misinterpret. 

A  far  better  and  more  reliable  method 
of  X-ray  examination  is  by  "radiogra- 
phy" or  "skiagraphy."  The  former 
word  means  "taking  a  picture  by  means 
of  rays,"  in  this  case  emanating  from  an 
X-ray  tube.  Skiagraphy  is  the  opposite 
of  photography.  The  latter  means  "re- 
cording lights,''  the  former  "shadows." 


the    daylight    from    affecting   the    plate, 
and,   after  putting  the  plate  on  a  solid 
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surface  like  a  table,  place  the  object  to 
be  examined  directly  on  the  plate,  we  can 
get  a  record  of  it  by  letting-  the  X-rays 
penetrate  the  object.  The  photographic 
plate  will  receive  a  density  record  of  the 
object  at  every  point.  The  dense  parts 
of  the  object  will  leave  a  faint  record 
or  shadow  because  they  offer  some  re- 
sistance to  the  rays  and  only  a  part  of 
them  reach  the  plate.  Where  there  is 
no  resistance,  the  rays  leave  a  marked 
record  or  a  deep  shadow.  After  the 
exposure  the  plate  is  developed  in  the 
ordinary  manner.  The  result  is  a  nega- 
tive from  which  prints  can  be  made.  The 
art  of  skiagraphy  is  principally  in  the  in- 
terpretation of  the  picture. 


treatment.  We  know  that  the  effects  of 
the  X-rays  are  spent  on  the  surface  of 
the  body.  Therefore  diseases  of  the  skin 
are  particularly  adapted  to  X-ray  treat- 
ment. Wonderful  results  can  be  achieved 
by  the  proper  use  of  the  Roentgen  rays 
in  many  diseases  of  the  skin,  especially 
skin-cancer,  so  frequently  seen  in  the 
face,  especially  the  lip.  The  prejudice 
against  the  use  of  the  Roentgen  rays  in 
the  treatment  of  diseases  has  been  pro- 
duced by  the  abuse  of  the  rays  rather 
than  their  use.  The  X-ray  operator 
should  not  only  be  an  experienced  physi- 
cian but  a  skilled  specialist  in  the  line  of 
X-ray  work.  Most  of  the  work  is  done 
by  physicians  who  are  in  no  way  quali- 


FIG.    23.     A    SKIAGRAPH    OR   X-RAY    PICTURE. 


In  addition  to  the  uses  of  the  Roent- 
gen rays  as  means  of  examination,  they 
are  serviceable  as  curative  agents  in  the 
treatment  of  a  variety  of  conditions. 
This  is  what  is  known  as  the  therapeutic 
use  of  the  X-rays.  A  good  deal  of  con- 
fusion exists  in  the  mind  of  the  laity  ana 
of  many  physicians  in  regard  to  the  pos- 
sibilities and  limitations  of  X-ray  treat- 
ments. The  X-rays  have  a  triple  action. 
They  are  stimulating,  germicidal  and  de- 
structive, depending  on  the  quantity  of 
X-ray  energy  use,  on  the  length  of  ex- 
posure and  on  its  frequency.  Since  the 
curative  effect  depends  on  the  quantity 
of  the  rays,  it  is  plain  that  the  so-called 
''soft"  tube  is  the  most  available  tube  for 


fied  and  by  their  ignorance,  lack  of  skill 
and  by  their  total  unfitness,  have  brought 
a  legitimate  kind  of  medical  work  into 
undeserved  disrepute. 

The  so-called  X-ray  burn  is  an  ex- 
ample of  the  destructive  action  of  the 
X-rays.  Proper  protection  by  means  of 
sheet-lead  would  prevent  the  occurrence 
of  these  obstinate  and  painful  conditions. 
The  accompanying  illustrations,  Figs.  21 
and  22,  show  hands  that  have  been  in- 
jured by  the  Roentgen  rays. 

To  illustrate  the  possibilities  of  X-ray 
work  in  rendering  the  body  translucent 
the  accompanying  pictures,  Figs.  23  and 
24,  will  prove  of  interest. 

(To  be  concluded.) 
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FIG.     24.     OPERATING    WITH    X-RAYS. 


NIAGARA'S  ELECTRIC  FURNACES. 


BY  ORRIN   E.  DUNLAP. 


Niagara  Falls  didn't  know  what  an 
electric  furnace  was  until  about  1894. 
when  a  man  about  38  years  old,  weigh- 
ing less  than  150  pounds  in  flesh,  but 
with  a  brain  which,  if  judged  by  accom- 
plishment, would  balance  the  Egyptian 
pyramids,  came  to  the  town  eager  to 
learn  about  the  possibilities  of  the  won- 
derful power  development  of  the  Falls, 
then  under  way. 

It  is  not  known  that  this  man  had  ever 
been  to .  Niagara  Falls  before,  but  this 
visit  in  1894  was  destined  to  be  of  truly 
remarkable  benefit,  not  only  to  the  Ni- 
agara locality,  but  to  the  world  at  large. 
This  visit  was  just  a  "happenstance"  in 
the  man's  life.  He  had  an  idea.  He  had 
had  many  of  them  before  that  day,  and 
he  has  had  many  since,  and,  still,  the 
world  hasn't  yet  come  to  realize  the  full 
value  of  what  he  has  given  it  as  a  result 
of  his  jaunt  to  Niagara  14  years  ago. 

The  man  was  Edward  Goodrich 
Acheson.  He  was  leading  the  march  of 
electricity.  He  thought  he  was  follow- 
ing it,  but  the  fact  is  the  mighty  turbines 
and   generators   of   Niagara   had   not   at 


that  time  taken  up  their  work.  So  Ed- 
warn  Goodrich  Acheson  was  in  the  lead 
and  those  who  knew  his  life's  work — 
those  who  knew  the  full  story  of  his 
deeds — will  tell  you  he  still  leads. 

Men  had  conceived  a  remarkable  elec- 
trical power  development  for  Niagara. 
Eminent  engineers  had  met  in  London. 
England,  as  members  of  the  International 
Niagara  Commission,  and  there  they  had 
planned  things  before  unheard  of  for  the 
electrical  development  of  Niagara.  Im- 
pressed, as  they  were,  by  the  tremendous 
power  available  through  hydroelectric 
possibilities,  the  lamented  Lord  Kelvin 
and  his  colleagues  on  the  commission 
were  inspired  to  deeds  of  greatness,  and 
they  outlined  a  power  plant  of  magnitude 
and  creation  that  astonished  the  elec- 
trical engineers  and  scientific  men  of  the 
world. 

In  March,  1801.  Mr.  Acheson  re- 
called experiments  he  had  previously 
made,  and  having  at  his  command  the 
electric  generating  plant  he  thought  to 
try  the  impregnating  of  clay  with  car- 
bon under  the  influence  of  the  high  heat 
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obtainable  with  the  electric  current.  He 
had  in  mind  the  making  of  an  abrasive 
material.  He  mixed  together  a  quantity 
of  clay  and  powdered  coke,  placed  the 
mixture  in  an  iron  bowl  such  as  plumbers 
use  for  holding  their  melted  solder.  In- 
to this  mixture  he  inserted  one  end  of 
an  electric  lamp  carbon,  the  other  end 
being  connected  to  one  lead  from  a  dyna- 
mo, the  other  lead  being  attached  to  the 
iron  bowl.  A  good  strong  current  was 
sent  through  the  mixture  until  the  cen- 
tral portion  of  the  clay  was  thoroughly 
melted  and  raised  to  a  very  high  tem- 
perature. When  cold,  the  mass  was  re- 
moved and  examined  carefully.  Adher- 
ing to  the  end  of  the  carbon  rod  Mr. 
Acheson  noticed  a  few  small  bright 
specks.  He  placed  one  on  the  end  of  a 
lead  pencil  and  drew  it  across  a  pane  of 
glass,  and  he  found  that  it  scratched  the 
glass.  The  value  of  the  product  he  at 
once  appreciated. 

After  other  experiments  extending 
over  two  months  he  had  enough  of  the 
crystals  to  fill  a  small  vial,  and  placing 
this  vial  in  his  vest  pocket,  after  he  had 
himself  cut  the  polished  face  off  of  his 
diamond,  he  hurried  off  to  New  York, 
en  route  naming  the  product  "carborun- 
dum," under  the  belief  that  it  contained 
carbon  and  corundum.  It  was.  after  this 
that  he  learned  it  was  the  silica  in  the 
clay,  and  not  the  alumina,  that  was  as- 
sociating itself  with  the  carbon.  In  New 
York  diamond  cutters  bought  the  con- 
tents of  the  little  vial  at  thirty  cents  per 
carat,  or  at  the  rate  of  $560  per  pound. 

It  was  in  1894  that  Mr.  Acheson 
formed  the  Carborundum  Company  in 
Monongahela  City,  where  a  plant  using 
134  horsepower  was  operated.  There 
the  cost  of  production  was  so  high  that 
the  trade  was  restricted,  only  about  half 
of  the  production  of  the  plant  being  sold. 
However,  Mr.  Acheson  was  convinced 
that  carborundum  had  a  great  future. 

These  were  the  conditions  that  pre- 
vailed when  Mr.  Acheson  was  led  to  visit 
Niagara  to  investigate  the  power  possi- 
bilities there.  He  was  enthused  by  the 
outlook,  and  returning  to  Monongahela 
City  he  convened  a  meeting  of  the  com- 
pany's directors  and  placed  before  them 
his  scheme  of  moving  to  Niagara  and 
there  locating  a  plant  that  would  con- 
sume 1,000  electrical  horsepower.     This 


was  far  too  visionary  for  the  sedate  di- 
rectors, who  couldn't  see  what  they 
would  do  with  the  production  of  a  plant 
of  this  size  when  the  market  didn't  eat 
up  the  output  of  the  134  horsepower 
plant.  Every  director  resigned.  Mr. 
Acheson  organized  a  new  board,  and 
moved  the  business  to  Niagara  Falls, 
where  10  years  later  the  company  had  a 
5,000  horsepower  plant  and  that  year 
produced  over  7,000,000  pounds  of  those 
specks  he  had  picked  off  the  lamp  car- 
bon in  1891.  The  product  he  discovered 
has  revolutionized  the  abraisive  world. 

Early  in  the  history  of  the  manufac- 
ture of  carborundum,  Mr.  Acheson  dis- 
covered that  when  this  product  was 
heated  to  a  very  high  temperature  de- 
composition occurred,  the  contained  sili- 
con being  dissipated  in  vapor  and  a  beau- 
tiful graphite  left  as  a  pseudomorph. 
Right  there  he  started  on  a  new  line  of 
thought.  He  learned  how  to  make  gra- 
phite and  organized  a  company  for  its 
manufacture.  This  product  is  not  "arti- 
ficial," but  in  the  language  of  the  day,  it 
is  the  real  thing.  Its  superiority  devel- 
ops from  the  fact  that  the  raw  material 
that  enters  into  its  manufacture,  as  well 
as  the  operation  of  the  giant  electric  fur- 
naces in  which  it  is  made,  are  handled 
and  governed  at  every  stage  by  scientific 
cruelty,  if  I  may  make  the  statement,  so 
that  the  hit-and-miss  process,  in  reality 
the  accident,  of  nature's  work  has  been 
surpassed  by  the  wonderful  puritv  of  the 
product.  Astonishing  as  it  may  seem, 
there  are  grades  of  this  graphite  guaran- 
teed at  least  99  per  cent  pure,  a  fact  that 
makes  an  astonishing  demonstration  of 
what  the  electric  furnaces  of  Niagara  are 
doing  for  the  world. 

But  this  success  did  not  satisfy  Ed- 
ward Goodrich  Acheson.  Having  work- 
ed out  the  details  of  the  manufacture  of 
graohite,  he  began  the  study  of  its  appli- 
cation. In  making  experiments  in  con- 
nection with  the  application  of  his  gra- 
phite to  crucible  work,  he  learned  that 
clay  treated  with  a  dilute  solution  of  tan- 
nic acid,  was  increased  in  plasticity, 
made  stronger — in  some  cases  as  much 
as  300  per  cent — in  the  sun  dried  condi- 
tion required  but  60  per  cent  as  much 
water  to  produce  a  given  degree  of  fluid- 
ity, was  caused  to  remain  suspended  in 
water,  and  made  so  fine  that  it  would 
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pass  through  the  finest. filter  paper.  The 
effect  was  remarkable.  He  studied  an- 
cient literature  to  see  what  was  knowTn 
on  the  subject.  In  the  Bible  he  noted  we 
are  told  that  the  Children  of  Israel,  un- 
der the  instructions  of  the  Egyptians, 
used  straw  in  the  making  of  brick,  also 
that  they  successfully  substituted  stubble 
for  the  straw.  The  fiber  of  straw  is  very 
weak,  not  nearly  so  valuable  as  a  me- 
chanical bond  as  many  other  vegetable 
fibers,  and  so  he  concluded  the  Egyp- 
tians must  have  used  it  for  another  pur- 
pose. He  treated  clay  with  extract  of 
straw  and  found  it  had  the  same  effect 
as  tannin,  and  he  realized  the  Egyptians 
must  have  been  aware  of  the  effect.  For 
this  reason  Mr.  Acheson  called  clay  so 
treated  "Egyptianized  Clay." 

The  importance  of  this  discovery  came 
in  1906,  after  Mr.  Acheson  had  discov- 
ered a  process  for  making  a  soft,  unc- 
tuous graphite  with  a  purity  of  over  99 
per  cent  carbon.  The  world,  previous  to 
that  time,  did  not  possess  a  graphite  of 
this  character,  and  he  was  quick  to  de- 
termine that  it  was  an  ideal  lubricant. 
Practically  the  same  furnace  that  had 
turned  out  the  hardest  known  abrasive 
had  given  him  this  lubricant.  The  next 
problem  was  to  make  it  available  for 
lubrication  purposes.  As  he  wished  it 
to  enter  the  field  occupied  by  oil,  he 
knew  it  was  essential  that  it  remain  sus- 
pended in  a  liquid.  He  encountered 
many  troubles,  but  in  the  latter  part  of 
1906  the  thought  occurred  to  him  that 
tannin  might  have  the  same  effect  on 
graphite  that  it  had  on  clay.  He  tried  it, 
with  satisfactory  results.  He  learned 
how  to  "deflocculate"  graphite,  in  which 
condition  it  is  so  fine  that  when  suspend- 
ed in  water  it  readily  and  freely  passes 
through  the  finest  filter  paper  made.  One 
result  was  to  add  a  new  word  to  the  dic- 
tionary, for  up  to  that  time  we  did  not 
have  the  word  "deflocculate."  No  dic- 
tionary has  it  yet,  but  will  in  time  give 
proper  recognition  to  what  among  men 
of  science  is  known  as  the  "Acheson 
Effect."  When  graphite  is  deflocculated. 
it  is  reduced  to  the  molecular  condition, 
there  being  no  known  law  in  chemistry 
or  physics  to  explain  the  effect.  Mr. 
Acheson  further  learned  how  to  remove 
the  water  from  deflocculated  graphite 
and  substitute  oil  for  it.     Deflocculated 


graphite  in  water  is  now  known  as 
"Aquadag,"  which  when  in  oil  it  is  called 
"oildag." 

The  pure,  soft,  disintegrated,  unctu- 
ous graphite  of  those  electric  furnaces 
of  Niagara  gives  great  promise  of  revo- 
lutionizing the  lubricating  features  of 
the  universe.  Time  was  when  animal 
fats  and  grease  served  as  lubricants. 
Then  petroleum  oils  entered,  and  for 
forty  years  have  held  sway.  Now,  it 
is  intimated,  the  world's  supply  of  oil  will 
hardly  last  another  50  years,  and  it  is  to 
be  made  the  subject. of  protection,  as  are 
the  forests,  in  order  that  the  world's  sup- 
ply may  be  conserved.  This  inclines  to 
the  belief,  particularly  so  among  these 
who  feel  that  the  plan  of  the  universe  is 
all  right  and  that  the  needs  of  mankind 
will  be  supplied,  that  the  era  of  graphite 
has  been  opened,  for  in  these  latest  and 
newest  products  of  the  great  electric  fur- 
naces of  Niagara,  we  have  lubricants  for 
every  purpose,  for  there  is  the  dry.  soft, 
pure  unctuous  powdered  graphite ;  the 
deflocculated  graphite  in  water,  and  the 
deflocculated  graphite  in  oil. 

But  how  strange  it  is  that  the  proc- 
ess which  applied  in  one  way  develops 
an  abrasive,  will  and  does  give  us  a  lubri- 
cant when  the  temperature  is  carried  to 
unknown  heights.  It  is  known  that  car- 
borundum is  produced  in  a  temperature 
approximately  7,000°  F.,  while  it  re- 
quires a  still  higher  temperature  to  pro- 
duce graphite.  This  temperature  is  the 
highest  used  on  earth,  except  possibly 
the  center  of  an  electric  arc.  It  is  a  tem- 
perature that  vaporizes  every  other  ele- 
ment except  carbon,  and  which  makes 
Acheson  graphite  of  a  purity  over  00 
per  cent  carbon. 

In  an  address  before  the  American 
Academy  of  Arts  and  Sciences  in  Bos- 
ton, Mr.  Acheson  said:  "Some  months 
ago  while  crossing  the  Mississippi  at  St 
Louis,  I  looked  down  from  the  car  win- 
dow and  saw  the  great  muddy  stream 
sweeping  by  to  the  Gulf,  and  having 
fresh  in  my  mind  the  deflocculation  of 
non-metallic  amorphous  bodies,  it  oc- 
curred to  me  that  possibly  the  matter  sus- 
pended in  the  water  was  in  a  defloccu- 
lated condition.  T  remembered  that  1 
had  been  told  that  nearly,  it  not  quite  all 
of  this  muddy  water,  came  otit  of  the 
Missouri   river  from   the  great  plains  of 
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the  middle  west,  and  further,  that  the 
water  did  not  clear  during-  its  entire 
course  of  some  hundreds  of  miles,  also 
that  none  of  the  muddy  water  was  found 
at  any  great  distance  from  its  entry  into 
the  salt  waters  of  the  Gulf,  the  suspended 
material  being  deposited  at  the  mouth  of 
the  river,  there  forming  the  great  bars 
of  the  Mississippi.  I  also  recalled  the 
formation  of  the  Great  Delta  of  the  Nile, 
and  I  felt  quite  convinced,  without  an  ex- 
periment that  the  material  was  defloc- 
culated  and  in  a  colloidal  condition,  and 
became  flocculated  and  settled  on  com- 
ing into  contact  with  the  electrolyte — 
salt  water.  I  have  not  had  art  opportun- 
ity to  make  any  investigations  of  the 
waters  of  the  Mississippi,  but  I  have  to 
the  best  of  my  ability  artificially  pro- 
duced which  seems  to  me  to  be  similar 
conditions." 

One  day  I  asked  him : 

"Why  don't  you  try  to  make  dia- 
monds?" 

"Why  should  I  devote  my  time  to 
that?"  asked  he.  "If  I  succeeded,  I  would 
only  effect  a  destruction  of  the  present 
world  values  on  these  gems.  I  don't 
think  that  would  be  to  my  credit.  No, 
I  want  the  work  of  my  life  to  be  helpful 
to  humanity,  and  then,  perhaps,  when  I 
am  dead  and  gone,  some  place,  some- 
where, in  some  distant  part,  maybe,  there 
will  be  a  lingering  memory  and  esteem 
for  what  I  at  least  aimed  to  accomplish 
in  my  allotted  time.  We  should  build 
to  help  others ;  not  with  a  selfish  pur- 
pose." 


TELEGRAPHING  AND    TELEPHONING 
OVER  ONE  LINE. 

While  a  practical  solution  of  the  prob- 
lem of  simultaneous  transmission  of  tele- 
phone and  telegraph  messages  over  the 
same  line  has  long  been  known,  the 
adaptations  of  it  to  railway  work  have 
opened  so  large  a  field  that  great  atten- 
tion is  now  being  paid  to  the  subject. 

The  experimental  age  of  the  compos- 
ite system  has  passed  and  we  now  have 
hundreds  of  miles  of  wire  serving  the 
double  purpose  of  a  telephone  and  tele- 
graph line.  This  has  been  brought  about 
by  the  demand  on  the  part  of  the  public 
for  a  more  rapid  and  frequent  train  serv- 
ice, and  the  near  approach  of  the  date 
for  the  enforcement  of  the  federal  eight- 


hour  law,  coupled  with  the  scarcity  of 
operators.  To  meet  these  conditions, 
three  ways  were  open:  The  present  tele- 
graph system  could  be  enlarged,  a  sep- 
arate telephone  system  could  be  installed, 
or  the  present  telegraph  line  equipped 
with  telephonic  apparatus ;  in  other 
words,  the  installation  of  a  composite 
telephone  and  telegraph  system.  Of  these 
three  methods  for  increasing  the  com- 
municating facilities,  the  composite  sys- 
tem possesses  marked  advantages  in  first 
cost,  operating  cost  and  maintenance. 

These  installations  are  principally  used 
in  the  middle  and  far  west,  where  sta- 
tions are  far  apart  and  the  cost  of  con- 
structing telephone  lines  would  be  high. 
The  uses  are  as  varied  as  could  be  im- 
agined. Sleeping  car  berths  are  secured 
by  telephone,  and  many  roads  use  the 
telephone  as  a  means  of  communication 
between  block  signal  stations.  This  al- 
lows more  detailed  information  than  that 
possible  by  the  use  of  the  telegraph  in- 
strument. The  most  important  use  of 
the  telephone,  however,  is  for  train  dis- 
patching. 

The  various  systems  in  use  vary  but 
little  in  general  principle,  a  grounded 
telegraph  line  being  used  for  telephonic 
purposes.  The  sketch  shows  schematic- 
ally the  arrangement  of  the  composite 
system  used  by  the  Western  Electric 
Company,  which  will  be  readily  under- 
stood by  those  familiar  with  circuit  draw- 
ings. 

Composite  telephone  and  telegraph 
systems  it  may  be  further  explained,  are 
adapted  to  simple  Morse  circuits  where 
the  interruptions  in  the  telegraphic  cur- 
rent are  of  comparatively  low  frequency 
and  when  the  change  in  potential  or  volt- 
age of  the  current  due  to  the  operation 
of  telegraphic  apparatus  is  not  excessive. 

To  adapt  a  telegraph  system  to  tele- 
phone operation  requires  no  change  in 
the  telegraphic  apparatus  or  its  opera- 
tion. At  each  telegraph  station  the  ap- 
paratus is  bridged  with  a  condenser  and 
a  resistance,  and  at  the  telephone  sta- 
tions the  apparatus  is  connected  between 
the  line  and  ground.  The  condenser  in 
the  telephone  set  prevents  the  telegraphic 
current  from  passing  through  the  ap- 
paratus to  ground. 

On  the  composited  portion  of  the  sys- 
tem  there  may  be  three   kinds  of  tele- 
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phone  stations,  viz.,  terminal  stations  lo- 
cated at  each  end  of  that  part  of  the 
telegraph  line  used  for  telephonic  pur- 
poses ;  intermediate  stations  located  be- 
tween terminal  stations,  and  portable  sta- 
tions to  be  carried  on  a  train  for  emer- 
gency use  and  used  when  the  train  is  at 
a  standstill. 

For  emergency  purposes  the  portable 
telephone  set  has  come  into  almost  gen- 
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eral  use  on  the  western  railroads,  some 
of  which  carry  one  on  every  train.  This 
set  consists  of  a  transmitter,  receiver  and 
a  signalling  device,  known  as  a  "howl- 
er." These  instruments  are  all  of  spe- 
cial design,  being  compact  and  enclosed 
in  a  carrying  case.  In  case  of  a  wreck 
or  a  washout,  this  set  can  be  quickly  con- 
nected to  the  composited  portion  of  the 
telegraph  line  by  means  of  a  pole  and 
line  provided  for  the  purpose.  Any 
member  of  the  train  crew  can  instantly 
communicate   with     the    nearest     station 


and  give  a  detailed  account  of  the  wreck. 
The  train  despatcher  can  be  informed 
and  change  his  train  orders  to  prevent- 
further  disaster,  while  the  division  su- 
perintendent, because  of  the  detailed  in- 
formation given  him  by  some  one  right 
on  the  spot,  can  issue  clear  and  explicit 
orders  for  clearing  up  the  wreck. 

The  wrecking  trains  also  are  provided 
with  these  sets,  enabling  them  to  keep 
in  touch  with  the  chief  wrecker.  The 
advantages  of  such  a  system  over  the  old 
practice  of  sending  a  train  man  back 
over  many  miles  of  track  to  some  way 
telegraph  station,  are  apparent.  A  few 
minutes  gained 'at  such  a  crisis  may  mean 
life  to  the  unfortunate  victims  of  such 
a  catastrophe. 

Telephonic  signalling  is  accomplished 
by  pressing  a  button,  which  operates 
what  is  known  as  a  "howler."  This 
"howler"  is  really  a  high  resistance  tele- 
phone receiver  equipped  with  a  resonat- 
ing horn.  The  incoming  current  will 
operate  this  "howler,"  causing  it  to  make 
sufficient  noise  to  attract  the  attention  of 
any  one  in  or  near  the  station.  A  regu- 
lar local  battery  talking  circuit  is  used. 

At  each  terminal  telephone  station  is 
located  a  telephone  set,  a  protector,  and 
a  condenser  which  contains  a  retarda- 
tion coil  and  a  condenser.  This  retarda- 
tion coil  is  joined  in  series  with  the  line 
to  prevent  the  telephonic  current  from 
passing  to  ground  over  the  telegraph  line 
beyond  the  telephone  station,  but  does 
not  impede  the  telegraph  currents,  be- 
cause they  are  of  a  much  lower  fre- 
quency than  those  generated  by  the  tele- 
phone. 

At  each  telegraphic  station,  protective 
apparatus  is  installed  which  not  only  pro- 
tects the  telephonic  apparatus  from  light- 
ning and  abnormal  currents,  but  owing 
to  fuses,  prevents  a  permanent  ground 
at  the  cut-outs  from  interferring  with 
the  telegraphic  service. 

The  length  of  telegraph  line  and  the 
number  of  stations  with  which  this  com- 
posite system  can  be  successfully  em- 
ployed, depend  largely  upon  the  charac- 
ter of  the  telegraph  line.  The  length, 
gauge,  material  of  the  line  and  the 
amount  of  wire  in  the  cable  are  the  most 
important  features  which  govern  the  per- 
fect operation  of  the  system.  Iron  wire 
is   much   inferior   to   copper   wire  of  the 
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same  size  when  used  for  telephonic 
transmission,  and  conductors  in  cable 
are  much  less  efficient  than  open  wires. 
Furthermore,  paper  insulated  wires  in 
cables  are  much  more  efficient  than  wires 
of  the  same  size  in  rubber  insulated 
cable,  on  account  of  the  high  electrostatic 
capacity  of  the  latter. 

Owing  to  the  many  different  condi- 
tions governing  the  use  of  a  railway  com- 
posite system,  and  the  variations  of  these 


conditions  for  each  particular  line,  it  is 
impossible  to  give  inflexible  rules  ap- 
plicable to  every  case  regarding  the 
length  of  line  over  which  service  can  be 
successfully  obtained,  or  regarding  the 
number  of  stations  which  can  be  suc- 
cessfully operated  on  a  single  line.  In 
general,  lines  up  to  200  miles  in  length 
can  be  satisfactorily  operated  by  using 
No.  12  copper  wire,  and  lines  up  to  100 
miles  in  length  by  using  No.  8  iron  wire. 


ELECTRICITY  ON  SHIPBOARD. 


A  field  in  which  the  utilization  of  elec- 
tricity has  undergone  notable  extension 
during  the  past  few  years  is  found  in  the 
highly    important   one   of    signalling   on 


Moreover,  by  means  of  wireless  tel- 
egraphy which  has  been  generally  adopt- 
ed in  the  navy  and  merchant  marine  of 
every  leading  nation  these  sensitive  elec- 
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shipboard.  As  modern  battleships  and 
the  great  passenger  carrying  steamers  of 
the  Atlantic  and  Pacific  have  grown  in 
size  until  they  exceed  in  length  the  di- 
mensions of  a  city  block  and  have  decks 
so  numerous  as  to  make  them  the  coun- 
terparts of  seven  or  eight-story  buildings 
it  has  become  imperative  that  all  parts  of 
the  floating  monsters  shall  be  linked  by 
lines  of  electrical  communication. 


trical  nerves  are  enabled  to  reach  be- 
yond the  confines  of  the  vessel  itself  and 
keep  its  floating-  population  of  perhaps 
2,000  souls  in  close  touch  with  the  world 
in  general. 

Probably  the  place  of  first  importance 
among  the  utilities  for  electrical  signal- 
ling on  shipboard  must  be  accorded  to 
wireless  telegraphy  and  its  sister  inven- 
tion wireless  telephony  which  has  recent- 
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ly  been  introduced  on  all  the  principal 
battleships  of  the  United  States  navy. 
So  general  is  the  use  of  the  wireless  sys- 
tems that  a  vessel  sailing  the  high  seas 
is  almost  never  out  of  communication 
with  land  and  may  also  exchange  mes- 
sages with  other  vessels  preceding  in  the 
same  or  opposite  directions.  The  possi- 
bilities of  this  employment  of  electrical 
energy  are  well  illustrated  by  the  fact 
that  on  many  of  the  laro-e  trans-Atlantic 
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liners  daily  newspapers  are  now  pub- 
lished, the  contents  of  which  are  made 
up  almost  solely  from  aerograms  received 
from  shore  stations. 

All  the  large  naval  and  merchant  ves- 
sels are  now  lighted  throughout  by  elec- 
tricity, the  installation  on  an  up-to-date 
vessel  comprising  not  only  thousands  of 
incandescent  lights  but  the  powerful  il- 
luminants  needed  for  the  searchlights 
which  play  so  conspicuous  a  part  in  the 
cruises  of  war  and  peace.  Electricity  is 
employed  to  operate  the  elevators  that 
connect  the  various  decks  of  the  twen- 
tieth century  passenger  steamer  and  the 
magic  current  is  depended  upon  to  pro- 
vide energy  for  the  ammunition  hoists  on 
the  warships — a  class  of  miniature 
freight  elevators  the  function  of  which 


is  to  convey  powder  and  projectiles  from 
the  magazines  in  the  hold  of  a  ship  to  the 
turrets  and  gun  stations. 

It  is  on  the  modern  warship  of  large 
size  that  electrical  signalling  on  ship- 
board has  reached  its  highest  develop- 
ment. The  entire  interior  of  one  of  these 
floating  fortresses  is  a  network  of  elec- 
trical communicative  lines  of  various 
kinds.  They  center  in  the  conning  tower 
where  the  terminals  surround  the  com- 
manding officer  and  place  within  reach 
of  his  hand  the  means  of  instant  com- 
munication with  every  officer  and  en- 
listed man  in  his  command.  By  means 
of  the  telegraphs  and  other  signals  the 
officer  in  command  may  flash  the  signals 
"Begin  Firing,"  "Cease  Firing"  or  other 
commands,  simultaneously  to  every  gun 
station  on  the  entire  ship  and  similarly 
equally  pertinent  commands  may  be 
transmitted  to  the  engine  room  or  the 
magazines  and  set  before  those  in  charge 
in  illuminated  letters  that  cannot  fail  to 
arrest  their  attention. 

The  system  of  electric  bells  on  the 
modern  ship  is  equally  efficient  and  af- 
fords the  means  of  instantaneous  com- 
munication between  the  bridge  and  the 
engine  room.  At  night  signaling  be- 
tween ships  is  done  by  means  of  the 
manipulation  of  arms  studded  with  elec- 
tric lights  on  the  same  principle  as  the 
block  signals  employed  by  railroads. 


THE  ELECTRIC  EEL  AND   HIS   BATTERY. 

The  electric  eel,  which  is  common  in 
the  streams  of  Brazil,  is  possessed  of  a 
natural  electric  battery — but  a  tremen- 
dous one.  Beneath  the  skin  are  two 
pairs  of  peculiar  little  bodies  passing  lon- 
gitudinally along  the  muscles  and  near 
the  tail.  One  pair  is  next  to  the  back 
and  the  other  near  the  lower  fin.  These 
bodies  are  made  up  of  great  number  of 
little  cells,  two  or  three  hundred  of  them, 
and  plentifully  supplied  with  nerves. 

Examination  of  one  of  these  electrical 
organs  has  shown  that  in  action  it  is 
very  much  like  a  galvanic  battery,  with 
the  anterior  extremely  positive,  the  pos- 
terior negative,  and  the  current  only  dis- 
charged at  the  point  of  contact  with  an 
object.  This  has  been  proved  to  be  - 
powerful  when  complete  that  chemical 
compounds  are  decomposed  by  it  and 
steel  needles  magnetized. 


CAUSE  AND  EFFECT  OF  LIGHTNING  DISCHARGES. 


Vagaries  of  lightning  are  so  many 
that  it  is  impossible  to  foretell,  with  any 
degree  of  accuracy,  what  it  will  do  next. 
This  is  due  to  the  enormous  voltage 
which  is  developed,  which  is  doubtless 
up  in  the  millions  of  volts,  far  beyond 
any  electrical  pressure  that  man  has  thus 
far  been  able  to  control.  Nevertheless, 
it  is  a  form  of  static  electricity  the  origin 
of  which  is  well  known  to  science,  and 
theories  concerning  its  cause  and  effect 
have  been  worked  out  which  will  account 
in  a  general  way  for  its  actions. 

All  things  in  a  natural  state  contain 
equal  portions  of  electricity.  The 
natural  state  of  a  body  may  be- 
come disturbed,  however,  by 
friction  or  chemical  action,  so 
that  the  electricity  is  separated 
into  two  divisions  called  posi- 
tive and  negative. 

One  kind  of  electricity,  posi- 
tive, may  be  developed  in  a  cloud 
by  the  friction  of  its  passage 
through  the  air,  causing  an  equal 
amount  of  the  opposite,  negative, 
form  to  be  accumulated  in  the 
earth.  This  difference  in  poten- 
tial between  the  cloud  and  the 
earth  causes  a  stress  in  the  me- 
dium between,  the  air,  and  final- 
ly the  resistance  is  overcome  and 
the  air  is  punctured  by  the  dis- 
charge which  we  know  as  light- 
ing. The  difference  in  potential 
is  then  for  a  time  neutralized  un- 
til another  charge  is  collected. 
Fig.  i  is  a  theoretical  sketch 
showing  a  positively  charged 
cloud  passing  over  a  building 
the  +  signs  indicating  the  posi- 
tive charge  in  the  cloud.  If  the 
cloud  passes  close  enough  to  the 
building  the  pressure  is  relieved 
by  the  lightning  stroke  as  shown 
Fig.  2. 

An  object  on  the  earth  occupying  a 
prominent  position  is  naturally  the  deliv- 
ery point  of  the  earth's  electricity  and  re- 
ceiving point  of  the  cloud's  electricity. 
This  object  may  be  a  building,  barn, 
tower,  or  other  elevation  which  is  a 
slightly  better  conductor  than  common 
air.  Buildings  are  said  to  be  struck  by 
whereas    the    buildings    have 


only  acted  as  an  easier  path  than  com- 
mon air  for  the  passage  of  this  current 
of  electricity.  On  account  of  the  resist- 
ance the  friction  is  often  so  great  as  to 
cause  fire  or  disruption. 

A  cloud  in  its  passage  through  the  air 
is  continually  being  electrified.  As  soon 
as  one  charge  is  dissipated  another  col- 
lects, sometimes  in  a  very  short  interval 
of  time.  An  idea  of  the  frequency  with 
which  this  occurs  may  be  obtained  from 
Fig.  3.  This  illustration  was  reproduced 
from  a  photograph,  the  time  of  exposure 
being  about  one  minute  and  a  half.     It 


FIG.    1.     THEORETICAL    SKETCH    SHOWING 

POSITIVELY    CHARGED    CLOUD    OVER 

BUILDING. 
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lightning. 


will  be.  noted  that  during  this  compari- 
tively  short  space  of  time  there  were  a 
large  number  of  distinct  flashes. 

There  are  three  classes  of  structures 
which  are  particularly  susceptible  to 
lightning  strokes,  namely,  isolated  farm 
buildings,  churches  and  tall  chimneys. 

Farm  buildings  are  susceptible  because 
they  stand  alone  and  are  generally  the 
only  high  points  in  a  locality  of  consid- 
erable extent.    There  is  also  another  rea- 
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FIG. 


DISCHARGE    FROM    CLOUD. 


son.  Barns  for  instance  usually  contain 
live  stock,  and  at  the  season  of  the  year 
when  lightning  is  prevalent  there  is  very 
likely  to  be  a  large  amount  of  fresh  hay 


in  the  mows.  The  vapors  which 
arise  from  the  animals  and  the 
hay  have  been  found  to  con- 
duct the  discharge  more  readily 
than  the  structure  itself.  Fig.  4, 
although  from  a  theoretical 
drawing,  shows  the  effects  of  a 
lightning  stroke  under  these  con- 
ditions. The  chances  are  all 
against  the  farm  owner  under 
conditions  as  illustrated.  A  barn 
stocked  with  new  hay  or  grain 
sends  off  a  vapor  that  in  freez- 
ing weather,  appears  like  steam 
from  a  locomotive.  These  va- 
pors, the  wet  roof  and  all  the 
influences  condensed  within  the 
space  of  the  barn  serve  to  make 
the  building  a  point  of  contact 
for  the  earth  and  cloud  elec- 
tricity. 

In  churches  the  point  of  sus- 
ceptibility of  course  lies  prin- 
cipally in  the  spire.  Fig.  5  is 
an  interesting  view  showing  the 
complete  destruction  of  a  church 
roof,  the  point  of  attack  being- 
the  corner  spire.  Similarly  with 
tall  chimneys  the  height  increases  the 
danger,  although  another  factor  enters 
in  this  connection,  which  is  the  warm 
air    and     eases     which     rise     from     the 


FIG. 


FROM    PHOTOGRAPH    OF    LIGHTNING    DISCHARGE 

Ho     MINUTES 


TIME    Ob'    EXPOSURE, 
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top.  Fig.  7  represents  a  310-foot 
chimney  which  was  struck  by  light- 
ning. The  arrow  points  indicate  the 
length  of  damage,  about  no  feet.  As  is 
general  with  chimney  damage  the  effect 
shows  usually  from  the  top  to  about  half 
of  the  length,  and  from  there  on  no 
perceptible  effect  is  shown.     The  occa- 


FIG.    4.     THEORETICAL,    SKETCH    OF 
LIGHTNING    STROKE. 


sion  for  this  is,  that  during  the  storm 
the  chimney  becomes  rain  soaked  and 
towards  the  bottom  moisture  is  more 
dense  and  able  to  carry  the  discharge, 
acting  as  a  natural  conductor  for  the 
electricity.  Hot  air  emitted  from  top  of 
chimney  serves  in  directing  the  dis- 
charge. In  the  picture  the  chimney  is 
shown  in  the  process  of  repair  and  the 
comparative  size  of  the  man  in  the  sling 
gives  a  good  idea  of  its  great  height. 

Whether  or  not  lightning  rods  or  con- 
ductors are  a  protection  against  lightning 
is  a  question  that  has  been  much  dis- 
puted, but  the  preponderance  of  opinion 
appears  to  be  in  their  favor.     It  is  true. 


FIG. 


5.     DESTRUCTION      OF     CHURCH     BY 
LIGHTNING. 


as  stated  in  the  beginning,  that  the  va- 
garies of  lightning  are  not  to  be  ac- 
counted for  and  it  is  entirely  possible 
that  a  building  protected  by  rods  may  be 
damaged.  But  in  the  majority  of  cases 
they  are  a  protection.   Thomas  A.  Edi- 


FIG.    6.     PROTECTION      OF      POWDER     DRY 
HOUSE. 
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son  is  quoted  as  saying:  "There  is  no 
doubt  whatever  that  lightning  conduc- 
tors are  a  source  of  great  protection 
when  buildings  are  properly  equipped 
with  them.  In  doing  this  it  is  necessary 
to  have  metal  of  good  conductivity,  and 
a  perfect  connection  with  the  earth  at 
the  bottom  of  the  rod." 

The  lightning  rod  not  only  acts  as  a 
conductor  to  carry  to  the  earth  the  heavy 
discharges  which  are  visible  to  the  eye 
but  it  also  acts  to  dissipate  the  charge 
slowly  and  continuously — a  form  of  dis- 
charge which  is  not  visible  but  which 
may  be  heard  as  a  hissing  sound  if  the 
observer  is  near  the  rod  when  a  thunder 
storm  is  in  dangerous  proximity.  This 
form  of  discharge  is  what  is  sometimes 
called  a  brush  discharge  and  seen  at 
night  appears  as  a  sort  of  a  halo  of  light 
around  the  discharging  object. 

Most  lightning  rods  terminate  in  a 
high  point  but  they  may  also  be  used 
effectively  in  the  form  of  a  grounded 
conductor  encircling  the  object  to  be 
protected  as  shown  in  Fig.  6.  This  is 
a  view  of  one  of  the  smokeless  powder 
dry  houses  of  the  United  States  Govern- 
ment. These  buildings  contain  smoke- 
less powder  in  the  drying  process,  and 
a  large  amount  of  ether  vapor,  which  is 
heavy  in  air,  surrounds  the  buildings. 
The  buildings  are  usually  metal  covered, 
which  metal  work  is  grounded  and  acts 
under  what  is  known  as  the  prime  sys- 
tem. Outside  of  the  envelope  of  ether 
vapor  are  set  tall  poles  with  cables  run- 
ning from  one  to  another  and  a  ground- 
ing at  each  pole.  This  serves  in  pro- 
tecting the  envelope  of  ether  vapor.  The 
same  form  of  equipment  could  be  used  to 
advantage  in  the  protection  of  oil  tanks. 


FIG. 


7.     310   FOOT    CHIMNEY   DAMAGED    BY 
LIGHTNING. 


ELECTRICITY  COOKS  FOR  THE  KING. 

Electricity  in  the  household  is  creat- 
ing a  sort  of  domestic  revolution  in  Eng- 
land and  other  European  countries  just 
now.  In  the  newest  hotels  in  London, 
old-fashioned  cooking  ranges  have  been 
completely  done  away  with.  Even  in 
King  Edward's  household — a  conserva- 
tive institution — electricity  has  been  in- 
troduced into  the  kitchen,  while  his  new 
yacht  and  the  royal  train  have  been 
equipped  with  electric  cooking  and  heat- 
ing arrangements. 


WIRELESS  TELEGRAPHY  MADE  SIMPLE. 


BY  V.   H.  LAUGHTER. 

PART  V. 

GENERAL    REVIEW    AND    RESULTS. 


In  this  series  of  articles  the  writer  has 
treated  of  the  construction  and  opera- 
tion of  wireless  telegraph  sets  from  the 
more  simple  kind'to  the  standard  forms 
in  use  by  the  Navy  and  all  leading  wire- 
less concerns.  It  will  no  doubt  be  of 
interest  to  the  reader  to  follow  out  the 
changes  that  have  been  made  and  are 
now  being  made  to  get  better  and  more 
satisfactory  results. 

The  dawn  of  wireless  telegraphy  came 
on  the  date  of  Marconi's  original  experi- 
ments when  he  found  that  by  addition 
of  an  aeiral  and  ground  wire  signals 
could  be  sent  to  a  distance  almost  un- 
believable at  that  time.  It  was  then 
realized  that  the  range  of  communica- 
tion was  unlimited,  depending  only  on 
the  height  of  the  aerial  and  the  current 
strength  of  the  sending  end.  Other  well 
known  scientists  have  contributed  to  the 
devolpment  of  wireless  telegraphy,  but 
to  Marconi,  as  before  stated,  is  given  the 
credit  for  eliminating  a  number  of  weak 
points  and  applying  it  to  practical  use. 

Hertz,  a  well  known  German  investiga- 
tor, discovered  in  1888  that  the  discharge 
of  a  leyden  jar  would  set  up  a  wave  mo- 
tion in  the  surrounding  space,  and  this 
wave  motion  could  be  detected  by  use 
of  a  "feeler"  which  was  a  loop  of  wire 
terminating  in  a  small  spark  gap.  When 
the  loop  was  brought  within  the  wave 
range  a  tiny  spark  would  break  across 
the  gap,  proving  to  Hertz  that  such 
waves  were  sent  out  and  could  be  de- 
tected. Whether  or  not  Hertz  would 
have  followed  up  his  experiments  with 
a  perfected  system  of  wireless  telegraphy 
is  not  known,  for  he  died  just  after  giv- 
ing the  world  the  benefit  of  his  long 
years  of  research.  Such  waves  take  on 
the  name  of  their  discoverer,  "Hertzian 
Waves,"  and  are  the  basic  principle  of 
wireless  telegraph}-   at  the  present  time. 

Branly  discovered  that  a  loose  mass  of 
metal  filings  would  cling  together  or  "co- 
here" under  the  action  of  ether  waves, 
which  brought  out  the  common  metal 
filing  coherer  as  described  in  the  first  of 


this  series.  The  introduction  of  the  co- 
herer opened  up  to  the  scientist  of  that 
day  the  possibilities  of  such  signalling, 
from  which  wireless  telegraphy  has 
gradually  developed  up  to  the  present. 

Since  the  introduction  of  wireless 
telegraphy  in  1898  steps  have  been  con- 
stantly turned  to  the  perfection  of  selec- 
tive signalling  sets,  as  it  was  at  once 
realized  that  no  successful  application 
could  be  made  of  wireless  telegraphy 
unless  two  stations,  say  A  and  B,  could 
be  made  to  work  with  one  another  with- 
out interference  from  station  C.  The 
sending  end  used  by  Marconi  was  defi- 
cient for  such  purposes,  for  reasons  set 
forth  in  Part  II. 

To  repeat  the  analogy  as  in  Part  II, 
we  strike  a  tuning  fork  and  hold  near 
it  a  second  fork  of  the  same  size.  The 
vibration  of  the  tuning  fork  sets  up 
sound  waves  in  the  air  which  sets  up  a 
like  vibration  in  the  second  fork  pro- 
vided the  two  are  of  the  same  size,  the 
vibration  gradually  dying  away  to  zero. 
If  the  vibration  of  the  first  fork  could  be 
maintained  at  a  constant  rate  the  second 
one  would  take  up  the  vibration  much 
better,  as  the  decreasing  properties  of 
the  wave  would  not  come  in  considera- 
tion. 

When  the  key  is  pressed  at  the  send- 
ing end  of  a  wireless  station  the  vibrator 
or  "current  breaker"  starts  in  action  and 
at  each  swing  a  periodic  wave  is  sent 
out  which  takes  on  the  theoretical  plan 
as  shown  in  Fig.  29.  This  wave  con- 
stantly decreases  from  the  maximum  to 
the  minimum  as  did  the  tuning  fork. 
We  learn  from  the  tuning  fork  that  a 
decreasing  wave,  or  one  that  quickly 
dies  down,  is  not  capable  of  producing 
as  good  results  on  a  receiving  body  as  a 
wave  or  more  continuous  character.  The 
same  conditions  apply  to  the  Hertzian 
waves  in  ether  as  to  sound  waves  in  air. 
Hence  we  have  the  numerous  plans  for 
making  a  wave  more  continuous,  or  bet- 
ter known  as  a  sustained  oscillation. 
These    sustained    oscillations   also   allow 


POPULAR    ELECTRICITY 


29; 


of  more  accurate  tuning,  and  are  pro- 
duced by  using  a  closed  circuit  set  as 
described  fully  in  Part  II.  The  closed 
circuit  set  comprises  leyden  jars  and  a 
tuning  helix  connected  across  the  sec- 
ondary of  the  transformer.  When  the 
set  is  in  action  the  leyden  jars  will  al- 
ternately charge  and  discharge  several 
hundred  times  a  second,  depending  on 
the  speed  of  the  vibrator  in  the  primary 
circuit,  the  tuning  helix  etc.  The  wave 
in  this  way  is  sustained  to  a  greater 
length  than  the  wave  of  the  open  cir- 
cuit set. 

Valdemar  Poulsen,  the  Danish  inven- 
tor has  recently  perfected  a  system  of 
wireless  telegraphy  that  is  remarkable 
in  a  number  of  ways  as  it  employs  an  ar- 


alcohol  lamp  sets  up  a  series  of  high 
frequency  alternations  which  surge 
through  the  condensor  and  the  primary 
of  the  high  frequency  coil.  The  theory 
advanced  on  this  action  by  Dr.  DeForest 
is  that  the  shunt  circuit  around  the  arc 
draws  a  certain  amount  of  current  to 
charge  the  condensors.  thus  drawing 
current  away  from  the  arc  increasing  the 
resistance  across  the  electrodes  and 
thereby  charging  the  condensors  to  their 
highest  capacity.  The  condensors  now 
discharge  across  the  arc,  lowering  the  re- 
sistance across  the  electrodes  causing  an 
increase  in  the  current  flowing  to  it. 
The  reversals  of  current,  charging  and 
discharging,  occur  several  thousand 
times  per  second  in  some  cases  as  high 
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FIG.    29.     THEORETICAL   WIRELESS    WAVE 


Receiving  End  — 


rangement  that  gives  a  continuous  wave 
and  is  being  used  for  daily  communica- 
tion up  to  300  miles,  although  it  is 
claimed  that  a  distance  of  1,560  miles  has 
been  covered.  It  has  been  long  realized 
lhat  with  the  perfection  of  a  constant 
wave  generator  wireless  telephony  would 
also  be  made  practicable  as  it  would  only 
remain  to  impress  on  this  wave  the  mod- 
ulations of  the  human  voice  which  would 
be  picked  up  at  the  receiving  end  in  the 
form  of  talk.  DeForest  is  now  utilizing 
a  plan  of  this  kind  in  his  wireless  tele- 
phone system  which  was  described  in  the 
July  issue  of  this  magazine. 

The  Poulsen  generator  which  was  first 
discovered  by  Dudell  consists  o\  an  arc 
lamp  burnt  on  a  direct  current  circuit  in 
the  flame  of  an  alcohol  lamp,  with  high 
tension  coil  bridged  directly  across  the 
arc  through  a  set  o\  leyden  jar  condens- 
ors. The  complete  arrangement  o\  send- 
ing and  receiving  end  is  shown  in  Fig. 
30.     The  arc  burning  in  the  flame  o\  the 


as  100,000  per  second.  This  rapid  flow 
of  current  through  the  high  tension  coil 
sets  up  a  like  action  in  the  secondary 
which  has  the  aerial  and  ground  wire 
connected  to  it.  The  number  of  alter- 
nations per  second  is  governed  by  the 
kinds  of  electrodes  used  for  the  arc.  It 
has  been  found  that  one  electrode  of  car- 
bon for  the  positive  and  one  oi  copper 
for  the  negative  give  the  best  results,  or 
better  than  two  of  carbon.  The  arc  in 
some  cases  is  burnt  under  the  influence 
oi  a  magnetic  field  which,  to  a  certain 
extent  stresses  the  arc  and  increase-  the 
number  of  alternations.  In  Poulsen's 
long  distance  experiment-  several  arcs 
are  burnt  in  series  on  a  high  voltage  cir- 
cuit, this  plan,  however,  i<  not  necessan 
for  ordinary  use. 

In    connection    with    his    wireless    tele- 
phone  system   Dr.    DeForest   employs 
device  known   as  a   "chopper/'   which   is 
interposed  in  the  aerial  wire.  The  "chop- 
per" very   much  resembles  the  ordinary 
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buzzer  and  is  operated  by  a  separate  bat- 
tery and  Morse  key.  On  pressing  the 
Morse  key  the  "chopper"  will  start  in 
operation  chopping  up  the  wave  in  the 
form  of  periods  the  same  as  emitted 
from  the  ordinary  wireless  telegraph  set ; 
allowing  the  wireless  telephone  to  be 
used  equally  as  well  for  telegraphy. 

In  the  kinds  of  communications  we 
have  reached  the  limit ;  the  telegraph, 
telephone,  the  wireless  telephone  and  the 
wireless  telegraph,  and  changes  can  only 
be  made  in  the  developing  of  these  types. 

Possibilities  of  wireless  communication 
can  be  at  once  realized  when  we  take  in 
consideration  the  amounts  expended  for 


From  the  results  that  are  being  daily 
accomplished   we  can  see  that   wireless 
telegraphy    is  still    in  its    infancy,   and 
greater  things  are  yet  to  come. 
(the  end.) 


A  LITTLE  STRATAGEM. 

In  a  large  laundry  works  in  London 
recently  the  attempt  to  introduce  electric 
ironing  met  with  strenuous  resistance  on 
the  part  of  nearly  all  the  laundresses. 
They  were  prejudiced  against  the  "new- 
fangled irons,  with  bits  of  string  tied  to 
'em."  and  almost  went  on  strike  when 
the  manager  tried  to  make  them  give  up 


FIG.    30.     COMPLETE    SENDING   AND   RECEIVING    STATIONS    WITH    DUDELL    ARC. 


the  maintenance  of  the  telephone  and 
telegraph  lines.  While  the  writer  does 
not  think  that  wireless  will  ever  replace 
the  ordinary  wired  circuits  in  cities,  etc., 
yet  for  long  distance  work  it  is  far  su- 
perior and  more  desirable  owing  to  the 
low  cost.  That  wireless  telephony  is 
better  than  wire  telephony  was  proven 
by  Prof.  Fessenden  in  his  experiments 
from  Brant  Rock,  Mass.,  to  Brooklyn, 
N.  Y.  The  conversation  was  held  sim- 
ultaneously over  the  wireless  and  wire 
line  and  the  wireless  telephone  was  found 
to  be  much  more  distinct,  and  the  fine  in- 
flections of  the  voice  were  brought  out 
more  clearly.  Prof.  Fessenden  believes 
this  is  due  to  the  electrostatic  capacity  of 
telephone  lines,  which  tends  to  destroy 
speech.  Instead  of  employing  the  arc 
lamp  generator  Fessenden  has  a  special 
generator  of  his  own  design  which  is 
given  the  name  of  the  "wave  mill."  The 
transmitter  connection  is  the  same  as 
used  with  the  DeForest  set. 


the  old  methods.  However,  being  an 
astute  judge  of  human  nature,  he  quietly 
fitted  up  a  room  with  nothing  but  elec- 
tric irons  in  it.  Several  of  the  more 
courageous  and  enterprising  women 
were  sent  in  to  work  on  what  is  called 
"piece  work"  plan,  being  paid  so  much 
per  piece,  provided  they  worked  solely 
with  electric  irons.  The  main  advan- 
tage of  the  irons  is  that  they  remain  hot 
all  the  time,  and  as  there  is  no  chang- 
ing from  warm  irons  to  hot  ones,  the 
women  were  therefore  able  to  do  twice 
as  much  ironing  as  was  done  in  a  given 
time  by  old  methods.  Consequently,  be- 
ing paid  by  the  piece,  they  made  twice 
as  much  money.  When  the  women  had 
had  a  week  at  piece  work  with  the  "elec- 
tric" the  manager  put  them  back  at  the 
ordinary  irons,  and  they  almost  went  on 
strike  once  more,  this  time  clamoring  to 
be  allowed  to  work  by  the  new  method. 
And  the  electric  iron — and  the  manager 
— triumphed. 
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ELECTRIC  COFFEE  MILL. 

In  groceries,  boarding  houses,  hotels, 
etc.,  a  small  coffee  mill,  operated  by 
power,  is  a  great  saving  over  hand  labor. 
Before  electricity  came  into  common 
use  a  small  mill  could  not  be  econom- 
ically operated  by  power.  The  electric 
motor,  however,  solved  the  problem  and 
electric  coffee  mills  are  now  on  the  mar- 


ELECTRIC    COFFEE    MILL. 

ket,  among  them  being  the  one  shown 
in  the  illustration. 

In  the  Diehl  mill  the  grinder  case, 
gear  case  and  back  cover  of  the  motor 
are  combined  in  one  unit.  The  hopper  is 
of  spun  brass  and  provided  with  a  spun 
cover,  and  both  are  heavily  plated  with 
nickel  highly  polished.  The  motor  base 
is  extended  to  hold  the  receiver,  making 
the  whole  combination  entirely  self  con- 
tained. The  mill  may  be  readily  ad- 
justed to  give  any  degree  of  fineness, 
from  granulated  to  pulverized,  by  means 
of  the  thumb  screw  that  regulates  the 
distance  between  the  grinders. 

The  motor  is  provided  with  a  switch 
for  starting  and  stopping  and  has  10 
feet  of  flexible  cable  attached,  and  when 
the  mill  is  to  be  put  in  service  all  that  is 
necessary  is  to  connect  the  plug  to  a 
convenient  light  socket  and  turn  the 
switch. 


Capacity  of  the  mill  is  about  one 
pound  in  two  minutes  and  the  current 
consumption  is  less  than  that  required 
for  three  16-candlepower  incandescent 
lamps. 


NICKEL-IN-SLOT     DEVICE    FOR     STREET 
CARS. 

The  Boston  Elevated  Railway  is  ex- 
perimenting with  an  automatic  nickel 
operated  turnstile  for  use  in  subway  and 
elevated  stations.  The  device  has  been 
installed  at  the  Scollay  Square  subway 
station.  As  described  in  the  Electric 
Traction  Weekly  it  consists  of  a  box 
about  three  feet  high  and  one  foot  square 
attached  to  the  turnstile.  The  upper  end 
of  the  box  is  covered  with  a  brass  plate. 
In  this  is  a  slight  depression,  in  the  bot- 
tom of  which  is  a  slot  just  large  enough 
to  receive  a  nickel.     Xear  the  slot  are 


the  following  directions:     "Press  nickel 
to  bottom  of  slot.     Then  push  on  gate."' 

The  arm  of  the  turnstile  is  prevented 
from  turning  at  will  by  a  knob  on  the 
end  of  a  horizontal  lever,  which  is  just 
visible  at  the  edge  of  the  box.  When 
the  coin  is  inserted  and  pressed  down- 
ward this  knob  is  released  and  swings 
away,  returning  to  its  position  as  soon 
as  the  person  has  passed  through  the 
gate  and  another  quadrant  of  the  g 
has  swung  into  place. 

It  is  possible  this  device  offers  a  sug- 
gestion for  adapting  some  form  of  turn- 
stile to  pay-as- vou-enter   surface   c 


DENVER,  THE  CITY  OF  LIGHTS. 


Some  years  ago,  someone  in  Denver, 
Colorado,  suggested  that  the  city  be 
named  "The  City  of  Lights."  The  citi- 
zens unanimously  indorsed  the  sentiment 
and  straightway  prepared  to  "make 
good"  on  the  declaration. 

The  Denver  Gas  and  Electric  Com- 
pany established  a  newspaper  bureau  to 
help  in  the  cause.  It  had  its  own  motive 
perhaps  in  boosting  the  name,  but  then, 
while  boosting  for  itself,  the  work  wa^ 
necessarily  of  much  good  to  the  general 
public.     It,  the  company,  sent  out  news- 


tions  in  Denver  and  particularly  the 
lights  that  he  went  back  home  to  old 
Xew  York  and  wrote  a  poem  all  about 
it. 

"The  streets  were  sparkling  every  night, 
Red,   white  and   blue   with   light — 
They  spent  a  mint  of  money 
Just  to  make  things  gay  and  bright.'' 

The  Xew  York  delegation  was  parti- 
cularly fond  of  Seventeenth  street  and 
upon  leaving  they  sang  "Good-bye  Dear 
Old  Broadway"  and  explained  it  by 
saying  that  so  far  as  light  was  concerned 
thev    had    no    choice    between    the   two. 


THE  CITY  OF  LIGHTS. 
One  of  the  cross  streets  s»howing  the  display  of    one    of   the    large    dry   goods    companies    on   the 

front   of   its   building. 


paper  stories  broadcast  describing  the 
virtues  of  the  Colorado  climate  and  ex- 
tolling life  in  Denver.  The  general  pub- 
lic read  and  believed  and  when  the  time 
for  the  Xational  Democratic  convention 
rolled  around  they  came,  at  least  more 
of  them  than  had  ever  before  been  in 
Denver  at  a  convention,  and  were  con- 
vinced that  the  "City  of  Lights"  was  no 
myth. 

Prominent  among  the  visitors  were 
the  newspaper  men,  not  the  least 
important  of  whom  was  Col.  B.  M.  Har- 
vey, editor  of  Harper's  Weekly.  The 
Colonel   was   so  impressed   with     condi- 


And  those  visitors  who  happened  along 
from  Chicago  compared  it  to  State 
street  on  Saturday  night. 

From  the  Brown  Palace  Hotel  on 
Seventeenth  Street  to  the  depot  is  12 
blocks  and  these  two  points  represented 
the  extremes  between  the  incoming  vis- 
itors and  headquarters.  The  Auditorium 
is  beyond  Fifteenth  Street  and  so  just  to 
make  a  good  job  of  it  the  decorations 
were  extended  the  12  blocks  on  Seven- 
teenth, Sixteenth  and  Fifteenth  and  also 
on  all  of  the  connecting  streets  between 
the  extremes  mentioned  above. 

Red,    white  and   blue   lamps   alternat- 
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ing-  were  used  on  the  stringers  which  on 
the  main  streets  were  placed  at  an  aver- 
age of  three  to  the  block  and  two  to  the 
block  on  cross  streets.  At  intersections 
the  stringers  were  crossed. 


Democracy.  The  sign  was  placed  on 
the  roof  of  their  building.  It  was  built 
up  of  two  inch  gas  pipe  with  an  iron 
wire  netting.  The  sign  was  40  x  60  feet 
and  weighed  5,000  pounds. — E.  C.  S. 
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DENVER'S  "WELCOME  ARCH"  AT  NIGHT. 
The  lights  shown  are  the  regular  equipment 
and  are  burned  every  night  until  the  cars  stop 
running.  The  arch  is  located  at  the  foot  of 
Seventeenth  Street,  immediately  in  front  of  the 
entrance  to  the  Union  depot. 


THE    CITY    OF    LIGHTS. 
View    on    Sixteenth    Street    from    Curtis    Street, 
showing  the  Capitol  dome  in  the  distance. 
18   blocks   away. 


WELCOME  SIGN. 
A  near  view  of  the  sign  erected  by  the  Denver 
Gas  and  Electric  Company  on  the  roof  of  their 
building.  It  was  40  by  60  feet  and  weighed 
5,000  pounds.  The  figure  of  Bryan  which  can  be 
distinguished  on  the  donkey  with  the  head  im- 
mediately beneath  the  halo  was  put  on  after  he 
was  declared  the  nominee  of  the  convention. 

Eighteen  thousand  16  candlepower  in- 
candescent lamps  were  in  nightly  use 
during  the  convention  week,  in  addition 
to  the  many  thousands  used  for  private 
displays  and  for  the  regular  lighting  of 
the  city. 

Among  the  private  displays  that  o\  the 
Denver  Gas  and  Electric  was  foremost 
in  prominence.  Two  thousand  t6  can- 
dlepower lamps  were  arranged  on  a 
hugh  frame  as  a  sign  showing  Miss 
Denver  handing  the  key  oi  the  citv   to 


A  NOVELTY  WINDOW  DISPLAY 
Denver  Gas  and  Electric  Company's  display, 
supposed  to  be  typical  of  the  gathering  of  the 
clans  for  the  Democratic  convention.  The 
buildings  were  all  small  models  of  the  structures 
in  the  bigger  cities  of  the  country.  The  largest 
in  the  foreground  was  supposed  to  represent  the 
Denver  Auditorium  where  the  sessions  of  the 
convention  were  held. 


ELECTRIC  AIR  FILTERS. 
Electric  air  filtration  is  the  idea  y^i  an 
English  engineer,  ami  is  based  on  the 
discovery  that  a  body  positively  electri- 
fied by  100  volts  or  more  will  become 
covered  with  >oot  in  a  single  day  in  a 
smoky  atmosphere,  while  a  negatively 
charged  body  remains  clean.  Inserting 
a  sheet  o\  wire  gauze  in  the  intake  flue 
of  a  ventilating  system  and  electrifying 
it  by  connecting  to  a  250-volt  supph 
main,  the  gauze  extracts  a  Large  quantit) 
o\    soot    from   the  air. 


SPLICING    LEAD-COVERED  TELEPHONE  CABLES. 


Underground  cables  are  usually  left 
by  the  pulling-in  gang  without  much  ref- 
erence to  their  final  arrangement.  It  is 
the  jointer's  first  duty  to  inspect  the 
cable  thoroughly  from  the  edge  of  the 
duct  to  the  sealed  end,  in  order  to  find 
any  injury  done  to  the  cable  while  be- 
ing pulled  in.  Where  there  are  several 
cables  to  be  jointed  in  the  same  manhole 
care  must  be  taken  to  join  the  proper 
ends  together.  Next  put  the  protectors 
in  the  mouths  of  the  ducts. 

On  large  cables  heat  should  be  applied 
to  the  Outside  of  the  cable  to  aid  in  bend- 
ing, so  as  to  stow  the  cable  around  the 
manhole  in  a  neat  manner.     This   heat 


FIG.  1. 

is  applied  to  the  cable  to  warm  the  in- 
sulation, as  well  as  the  lead  sheath  so 
that  when  the  cable  is  bent  the  insulation 
will  not  break  or  crack. 

In  bending  the  cables  the  ends  are 
brought  into  position  for  splicing  and 
should  always  be  in  such  a  position  that 
when  the  joint  is  finished  it  will  be  be- 
tween hangers  or  whatever  supports  the 


FIG.  2. 

cable,  so  that  no  strain  will  be  on  the 
joint.  After  making  a  careful  examina- 
tion of  the  soldered  end  to  see  that  mois- 
ture has  not  been  admitted  from  the 
end,  cut  off  the  end  with  a  hack-saw 
and  dip  the  end  into  a  pan  of  hot  paraf- 
fine.     Should  there  be  any  moisture  in 


the  end  of  the  cable  bubbles  will  rise. 
Should  bubbles  show  in  the  paraffine,  cut 
off  a  little  more  of  the  cable  and  again 
dip  in  the  paraffine;  should  bubbles  still 
appear  and  it  is  not  possible  to  cut  away 
any    more    of    the    cable,    although    the 


FIG.  3. 

moisture   is   still  present,   heat   must   be 
applied  to  the  outside  of  the  cable. 

There  are  several  ways  in  which  this 
may  be  done.  When  there  is  gas  in  the 
manhole  use  hot  paraffine,  place  a  pan 
under  the  cable  and  pour  hot  paraffine 
in  the  lead  sheathing  starting  at  the  duct 
and  working  very  slowly  toward  the 
open  end  of  the  cable.  In  doing  this 
the  moisture  is  driven  out  at  the  open 
end.  Should  there  be  no  gas  in  the 
manhole  a  blow-torch  mav  be  used,  but 


FIG.   4. 

care  must  be  taken  not  to  burn  holes  in 
the  sheathing.  When  the  cable  is  cov- 
ered with  saturated  fiber  and  a  blow- 
torch is  used  a  steel  screen  must  be 
placed  between  the  cable  and  the  torch 
so  that  the  fiber  covering  will  not  catch 
fire. 

Never  cut  off  both  ends  of  cable  until 
sure  that  there  is  no  moisture  in 
either  end,  as  it  often  happens  that  the 
location  of  the  splice  is  moved  one  way 
or  other  on  account  of  moisture. 

When  satisfied  that  there  is  no  mois- 
ture in  the  cable  ends,  allow  them  to  lap 
eight  to  20  inches  according  to  size  of 
cable.  Then  score  the  cable  back  far 
enough  to  allow  for  the  splice.  This 
scoring  is  first  done  around  the  cable 
and  then  two  cuts  are  made  lengthwise 
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of  the  cable  about  three-fourths  inch 
apart.  Care  must  be  taken  not  to  cut 
through  into  the  insulation  with  any  of 
these  cuts,  except  in  one  place,  that  be- 
ing at  the  end  of  cable.  Cut  the  lead 
through  into  the  insulation  at  this  point, 


wrap  the  wires  up  close  to  the  lead 
sheath  with  twine  so  as  to  hold  them 
firm. 

Prepare  the  lead  sleeve  as  follows: 
Scrape  the  inside  of  the  sleeve  at  both 
ends  back  about   1V2   inches     and     also 


Cable  Bunched 


Twine  Wrapping 


FIG.  5. 


then,  using  a  narrow  tool,  push  under 
this  narrow  strip  and  pry  upon  it  until 
a  pair  of  pliers  can  be  used  to  take  hold 
of  the  narrow  strip.  Remove  this  nar- 
row strip  by  lifting  upon  it  until  the  cir- 


scrape  the  outside  of  the  sleeve  back- 
about  2}4  inches  and  smear  with  mutton 
tallow;  this  tallow  is  put  on  to  stop  the 
bright  spots  from  tarnishing  by  contact 
with  the  air  and  hands.  Xow  slip  the  lead 


Wiped  Joint 


Terminal 


^Wipedjoint 


Wiped  Joinu 


FIG.  6. 


cular  score  is  reached.  Then  bend  this 
narrow  strip  back  on  the  cable  and 
pound  it  down  flat,  next  bend  the  strip 
back  to  its  former  position  and  it  will 
break  off.  Then  with  both  hands  remove 
the  balance  of  the  sheathing  by  prying  it 


Wiped  Join  t  \J 


d 


nj 


FIG.  S. 


apart  or  open  and  bend  it  back  and  forth 
and  it  will  break  off.  Now  trim  up  the 
end  of  the  lead  with  a  wooden  hammer 
so  as  not  to  have  any  sharp  edges,  and 


FIG. 


sleeve  over  one  cable  and  push  it  out  of 
the  way.  Have  hot  parafrine  ready  and 
pour  over  the  cable  (as  soon  as  you  re- 
move the  sheathing),  this  is  to  stop  the 
paper  from  untwisting,  and  also  to  stop 
any  moisture  going  into  the  cable.  Xext 
open  out  the  cable  by  bending  the  wires 

75  Pairs 


Z5  Pairs 


Wiped  Join  \ 


\5CF.:-rs 


FIG. 


back,  layer  by  layer,  until  the  center  is 
reached  (it  being  understood  that  this 
is  being  done  at  both  ends  of  the  cable 
where  the  splice  is  being  made).    Choose 

the  center  pari  from  one  end  and  its 
mate  from  the  other  end  and  bring  them 
together  as  shown  in  Pig.  1.  Xow  slip 
on  the   paper  sleeve  as  shown  by  dotted 
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lines  Fig.  I.  Next  twist  the  ends  to- 
gether as  shown  in  Fig.  2.  Then  lay  them 
back  as  shown  in  Fig.  3.  Draw  the  pa- 
per sleeve  over  the  bare  joint  as  shown 
in  Fig.  4  and  close  them  together  a? 
shown.  When  the  joints  are  made  in 
this  way  there  is  no  danger  of  the  paper 
sleeve  wasting  away  from  the  splice,  as 
one  sleeve  will  hold  the  other  in  position. 


wiped  so  that  moisture  cannot  enter. 
When  the  joint  is  properly  put  on  and 
after  it  has  cooled  off,  bright  spots  will 
be  seen  in  the  wiped  joint.  A  good  wip- 
ing solder  is  made  from  60  per  cent  lead 
and  40  per  cent  tin. 

Fig.  7  shows  how  cables  are  brought 
into  terminals,  while  Figs.  8  and  9  are 
branch  joints.  Fig.  8  shows  how  a  cable 


Switch 


Battery 


Q 


Telephone  Receiver 


fig.  10. 


Treat  all  the  other  conductors  in  this 
way  and  break  joints  as  much  as  pos- 
sible, being  careful  not  to  cross  any  pairs 
and   splice  red  to  red  and  blue  to  blue. 

The  "mate"  of  a  pair  is  any  pair  in 
that  same  layer.  The  object  of  breaking 
joints  is  that  is  that  when  all  the  splic- 
ing is  done  the  joint  may  be  drawn  up 
as  small  as  possible. 

When  all  the  joints  have  been  made, 
"bunch"  them  together  and  boil  them 
out  with  hot  parafffne,  have  at  hand  nar- 
row strips  of  manganese  tin  about  two 
inches  wide  and  wrap  as  shown  in  Fig. 
5  at  (A),  and  boil  out  the  joint  with  hot 
paraffine.  Xow  wrap  a  full  layer  of  tape 
over  the  joint  and  boil  out,  being  careful 
to  pull  the  tape  tight.  There  should  be 
three  such  layers  put  on  and  boil  out 
each  layer  as  you  put  it  on.  Fig.  5 
shows  how  the  cable  should  look  after 
all  the  joints  have  been  made  and  with 
the  joint  pulled  in. 

After  the  joint  has  been  made  as 
above,  slide  the  lead  into  position  as 
shown  in  Fig.  6.  the  ends  being  beat 
down  to  fit  on  the  lead  sheathing,  a 
plumbers  joint  being  wiped  at  each  end 
as  shown.  This  wiped  joint  must  never 
be  made  by  an  inexperienced  person,  for 
it   must  .  be   put    on    hot   and    carefully 


may  be  "split"  while  Fig.  9  shows  a 
method  of  looping  into  a  terminal,  often 
used,  as  it  affords  a  method  of  testing  all 
the  conductors  in  the  cable  when  neces- 
sary. 

Fig.  10  shows  a  method  of  cable  testing 
with  a  telephone  receiver.  (A)  and  (C) 
are  both  ends  of  the  wire  under  test  (B) 
and  (D)  are  wires  connected  to  the  bat- 
tery. In  arranging  the  cable  ends  for 
the  test,  at  the  (E)  end  of  cable  remove 
the  insulation  from  all  the  wires.  Wire 
(B)  is  wound  around  the  lead  sheath- 
ing. At  the  (C)  end  of  the  cable  the 
wires  are  carefully  parted  from  one  an- 
other and  from  the  lead  sheathing.  After 
making  the  connections  as  shown  in  Fig. 
10  the  test  is  made  by  making  rapid  taps 
with  the  wire  (A)  on  the  contact  (G). 
The  first  tap  will  produce  in  the  receiver 
a  distant  click.  If  the  cable  is  very  long 
a  second  faint  click  may  possibly  be  de- 
tected, but  if  the  wire  under  test  is  well 
insulated  no  more  sound  will  be  heard 
in  the  receiver  after  taping.  But  if  the 
wire  under  test  is  crossed  with  any  other 
wire  in  the  cable  or  with  the  sheathing 
every  tap  will  be  followed  by  a  clear 
clicking  sound  and  if  there  is  moisture 
in  the  insulation  which  makes  a  partial 
connection    clicking   sounds    will    occur ; 
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the  loudness  of  this  clicking  will  depend 
upon  the  amount  of  moisture  in  the 
cable.  In  turn  test  all  the  wires  in  the 
cable  and  if  any  trouble  is  found  it  is 
best  to  carefully  inspect  the  exposed  ends 
to  be  sure  that  they  are  cleared  from  one 
another  and  from  the  sheathing.  The 
above  may  be  called  a  moisture  test  and 
affords  a  method  of  testing  a  cable  on 
the  reel. 

Fig.  11  shows  a  method  of  testing  for 


the  wires  will  interlace  like  the  inter- 
locked fingers  of  the  hands.  Then  with 
a  spool  of  steel  wire  bind  those  wire- 
down  by  laying  close  layers  of  wire- 
around  the  joint  so  as  to  bind  them  to- 
gether the  entire  length  of  the  cable 
splice.  Then  wash  off  the  joints  with 
acid  and  solder  these  joints  or  wrap- 
pings, being  careful  to  get  all  around  the 
joint  with  the  soldering.  This  is  best 
done  by  aid  of  wiping  cloths. 


Cable 


Bell 


K 


w 


Batten 


FIG.   11. 


broken  wires.  Make  the  connection  as 
shown  by  removing  all  the  insulations 
from  the  (I)  end  of  the  cable  and  wrap 
a  wire  around  them  all  as  shown  by  wire 
(H)  and  connect  the  other  end  of  (H) 
to  the  battery,  from  the  other  side  of  the 
battery  run  wire  (K)  to  one  side  of  bell 
or  buzzer  and  to  the  other  side  of  the 
bell  connect  wire  (M).  At  the  (J)  end 
of  the  cable  the  wires  are  carefully  sep- 
arated from  one  another  and  from  the 
sheath.  To  make  the  test  touch  in  turn 
each  wire  at  the  (J)  end  of  the  cable. 
Should  one  or  any  of  them  not  ring  the 
wire  is  broken. 

The  splicing  of  aerial  cables  is  the 
same  as  the  above  method,  only  a  plat- 
form must  be  erected  at  the  splice  and 
a  blanket  spread  over  the  joint  to  keep 
out  the  wind  and  moisture. 

Sub-aqueous  cables  are  spliced  in  the 
same  manner,  the  difference  being  that 
the  armor  wires  are  to  be  looped  on  after 
the  splice  is  made.  In  arranging  the 
cable  for  the  splice,  bend  the  armor  wires 
back  on  the  cable  and  tie  them  in  this 
position  until  the  joint  is  completed. 
Then  after  laying  a  wrapping  oi  jute 
(iver  the  joint  lay  the  wires  down  on 
the  jute  over  and  around  the  joint  in 
such  a  way  that  when  the  armor  wires 
forming  the  other  end  are  broueht  down 


Heating  of  paraffine  deserves  a  few 
words.  In  heating  paraffine  care  must  be 
taken  not  to  heat  it  too  much,  as  it  will 
ignite.  When  handling  paraffine  that  is 
heated,  always  remove  the  cover  on  the 
ground  before  sending  it  into  a  manhole, 
for  should  too  hot  paraffine  be  poured 
on  a  cable  that  has  moisture  in  it  it  will 
fly  all  around  and  may  burn  the  work- 
man. The  best  way  to  test  the  heat  of 
paraffine  is  by  rolling  a  piece  oi  news- 
paper and  pushing  it  into  the  paraffine. 
If  the  paper  chars  as  soon  as  it  is  pushed 
into  the  paraffine  it  is  hot  enough. 
Should  it  be  put  into  a  cable  any  hotter 
it    would    burn    the    cable. 


OHIO  LEADS  IN  INTERURBAN  ROADS. 

Ohio  leads  the  country  in  the  mileage 
of  interurban  roads  with  2,300  miles, 
and  then  Indiana.  Michigan  and  Illinois. 
There  are  36,00x3  miles  oi  electric  rail- 
ways in  the  United  States.  10,000  miles 
oi  which  are  interurban.  as  against  1.000 
miles  in  Canada.  The  word  interurban. 
in  description  oi  independent  electric 
lines  connecting  villages  or  cities,  came 
into  use  about  ten  or  twelve  years  ago. 
Before  then  city  lines  extended  to  n< 
by  towns  and  were  called  siiburl 
roads. 
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THE    KEARNEY   HIGH-SPEED   MONORAIL 
CAR. 

A  demonstration  was  given  on  June 
15  in  London  by  means  of  an  electrically 
driven  model,  of  Mr.  E.  W.  C.  Kear- 
ney's proposed  monorail  system  of  work- 
ing railways  by  means  of  high-speed 
trains  or  cars.  This  system  is  the  result 
of  some  six  years*  experiment  following 
noon    an    exhaustive    research    into    the 


system.  Two  motors  are  fitted — one  to 
drive  each  set  of  wheels.  Each  set  of 
guide  and  track  wheels  is  carried  by  a 
rectangular  frame.,  so  that  the  vertical 
distance  between  the  centers  of  these 
wheels  is  rigidly  maintained.  Thus  the 
frame  carrying  the  guide-wheels  at  the 
top  and  track  wheels  at  the  bottom  fits 
in  the  rails  and  cannot  fall  out  sideways, 
being  retained  in  position  by  the  flanges 


MODEL   OF  KEARNEY  HIGH-SPEED    MONORAIL  CAR. 


numerous  railway  systems  which  have 
been  introduced  for  the  purpose  of  re- 
ducing the  cost  or  increasing  the  speed, 
as  compared  with  the  ordinary  twin-rail 
road. 

There  are  two  rails,  between  which  the 
cars  run.  The  bottom  one  is  the  run- 
ning rail  and  supports  the  car.  The  top 
rail  is  merely  a  guide.  According  to  the 
inventor,  it  is  only  on  curves  that  any 
appreciable  stress  is  put  upon  the  top  rail, 
and  the  safety  and  economy  of  the  sys- 
tem depend  on  the  correct  design  of  the 
guide-wheels.  Presumably,  any  conveni- 
ent kind  of  motive  power  might  be  used. 
If  the  cars  are  propelled  by  electricity 
generated  at  a  central  power  station,  the 
rails  are  insulated.  Current  is  then  col- 
lected from  the  top  rail  and  flows 
through  the  motors  to  the  bottom  rail 
by  which  it  returns  to  the  power  station. 

The  model  used  at  the  demonstration 
is  shown  in  the  accompanying  illustra- 
tion. It  is  constructed  entirely  for  the 
purpose  of  showing  the  working  of  the 


of  the  wheels.  The  frame  carrying  the 
guide-wheels  and  that  carrying  the  track 
wheels  are  each  made  to  swivel,  so  that 
the  wheels  can  follow  curves  in  the  track. 
The  armature  of  the  motor  is  vertical, 
and  drives  a  bevel  pinion  by  a  squared 
socket  fitting  so  that  the  end-thrust  does 
not  come  upon  the  pinion.  The  field- 
magnet  is  bolted  to  the  car  body,  which 
is  free  to  rise  and  fall  independently  of 
the  frame,  and  is  supported  by  a  coil 
spring  concentric  with  the  pivot  upon 
which  the  wheel  truck  swivels.  By  this 
construction  the  car  is  carried  by  two 
frames,  each  provided  with  top  and  bot- 
tom wheels  fitting  between  the  rails,  and 
is  free  to  move  vertically  by  the  action 
of  the  suspension  springs. 

A  spring  shoe  collector  is  fitted  to 
each  of  the  top  trucks.  They  are  in- 
sulated from  the  framework  and  rub 
against  the  top  rail.  They  are  con- 
nected electrically,  so  that  each  conveys 
current  to  both  motors. — Model  Engi- 
neer and  Electrician. 
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AN  ELECTRIC  CIGAR  MOISTEN ER. 

One  of  the  latest  electrical  products  is 
the  Hygro  Electric  Moistener,  invented 
by  W.  P.  Cook,  and  used  for  moistening 
the  air  in  cigar  cases.  It  consists  of  an 
incandescent  lamp  submerged  in  water 
in  a  small  enameled  zinc  tank.  The  heat 
of  the  lamp  raises  the  temperature  of  the 
water  a  trifle  above  the  surrounding  air. 
It  is  not  hot  enough  to  make  steam,  or 
to  make  any  noticeable  increase  in  the 
temperature  of  the  cigar  case,  but  causes 
rapid  evaporation  when  the  lamp  is 
burning. 

The  moisture  thus  thrown  off,  being  of 
a  higher  temperature  than  the  surround- 
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ing  air,  circulates  perfectly  to  all  cor- 
ners of  the  case,  and  the  same  degree  of 
moisture  will  be  found  in  every  cubic  inch 
of  contents  of  an  entire  cigar  case,  no 
matter  what  its  size.  To  regulate  the 
moisture  thus  provided,  a  hygrostat  is 
connected  in  series  with  the  lamp.  This 
hygrostat  is  composed  of  a  hygrometer 
in  the  shape  of  a  vane,  which  bends  in 
one  direction  in  response  to  moisture,  and 
in  the  other  direction  as  the  moisture 
falls.  This  is  connected  directly  into  the 
circuit  of  the  lamp,  and  is  adjusted  to  a 
relative  humidity  of  70  per  cent.  As  soon 
as  the  lamp  has  generated  sufficient 
moisture  to  raise  the  humidity  of  the 
case  to  70  per  cent,  the  hygrometer  turns 
the  lamp  off,  and  the  evaporation  ceases. 
The  moment  the  moisture  falls  below  70 
per  cent  the  hygrometer  turns  the  lamp 
on,  and  more  moisture  is  evaporated  into 
the  atmosphere,  until  70  per  cent  is 
reached  again. 

In  operation,  the  lamp  in  the  moistener 
is  turned  on  and  off  many   times  during 


the  day,  and  accurate  records  kept  in  a 
20-foot  case  in  Milwaukee  have  shown  it 
to  burn  all  told  about  one  hour  in  twen- 
ty-four. This  has  proven  sufficient  to 
keep  the  moisture  at  70  per  cent,  and  not 
allow  a  variation  to  exceed  five  per  cent 
either  way. 

The  result,  in  the  condition  of  cigars, 
has  been  very  pleasing  to  practical  cigar 
men,  as  the  flavor  is  thus  retained  abso- 
lutely, no  matter  how  long  cigars  remain 
in  the  case.  It  eliminates  all  broken  wrap- 
pers, and  requires  no  attention  whatever, 
except  to  pour  water  into  the  tank  about 
once  a  week. 


AN  INDIVIDUAL  DESK  FAN. 

An  ever-present  breeze  just  where  it 
is  needed  makes  work  seem  easier  dur- 
ing;  the  hot   summer  months.     A  novel 
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way  of  mounting  an  electric  fan  over  the 
office  desk  is  shown  in  the  accompanying 
cut.  The  fan,  a  comparatively  small  one. 
is  designed  to  be  suspended  by  a  cord 
and  plug  to  the  regular  desk  lamp  fix- 
ture, the  light  being  seldom  used  during 
the  long  days  in  summer.  The  tan. 
therefore,  when  it  is  in  position,  swings 
just  above  the  worker's  head  and  sends 
a  cooling  breeze  just  where  it  is  n< 
being  so  directed  as  not  to  disturb  paper- 
on  the  desk. 
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EDWARD  GOODRICH  ACHESON. 


No  longer  ago  than  1894  very  little 
was  known  of  the  possibilities  of  the 
electric  furnace.  At  that  time,  when  the 
first  power  plant  was  in  course  of  con- 
struction at  Niagara  Falls,  there  came 
to  this  great  resort  a  casual  visitor  whose 
eyes  were  open,  however,  to  far  more 
than  that  which  is  seen  by  the  ordinary 
observer.  What  he 
saw  on  that  visit 
gave  him  an  idea 
which  later  resulted 
in  the  development 
of  an  entirely  new 
industry.  This  man 
was  Edward  Good- 
rich Acheson,  in- 
ventor of  the  process 
of  making  an  arti- 
ficial abrasive — car- 
b  o  r  u  n  d  u  m  —  by 
means  of  an  electric 
furnace  and  of  an- 
other process,  very 
similar,  strange  as  it 
may  seem,  for  mak- 
ing an  exactly  op- 
p  o  s  i  t  e  substance 
used  for  lubricating 
purposes,  namely, 
artificial  graphite. 
Elsewhere  in  this 
issue  will  be  found 
a  more  detailed  de- 
scription of  his  work  under  the  title 
"Niagara's  Electric  Furnaces." 

Edward  G.  Acheson  was  born  in 
Washington,  Pa.,  March  9,  1856.  and 
was  educated  at  Belief onte  (Pa.)  Acad- 
emy. He  was  taken  from  school  in  1872 
to  work  about  his  father's  blast  furnace 
until  his  father  died.  He  then  engaged 
in  various  occupations,  finally  becoming 
attached  to  a  surveying  party.  His  chief 
interest,  however,  was  in  electricity  and 
chemistry.  His  first  practical  experi- 
ence with  electricity  was  about  1873, 
when,  after  buying  a  number  of  cheap 
yellow-metal  watch  cases,  he  fitted  up  a 
galvanic  battery,  and,  using  his  mother's 
silver  forks  as  anodes,  silver  plated  the 
watch  cases,  selling  them  at  an  advanced 
price.     There  was  the  start. 


Up  to  the  fall  of  1880  Mr.  Acheson 
filled  various  positions  in  western  Penn- 
sylvania, but  his  desire  to  become  inter- 
ested in  the  electrical  industry,  then  quite 
young,  would  not  down.  With  $100  in 
his  pocket  he  started  for  New  York.  A 
few  days  found  him  at  Edison's  labora- 
tory at  Menlo  Park,  N.  J.  He  was  given 
a  position,  and  the 
1 2th  day  of  Sep- 
tember, 1880,  when 
he  was  in  his  25th 
year,  he  entered 
Edison's    employ. 

Edison,  himself, 
was  then  only  33 
years  old.  In  time 
a  closer  personal  ac- 
quaintance (level- 
oped  between  Mr. 
Edison  and  Mr. 
Acheson,  and'  the 
latter  found  himself 
in  the  original  ex- 
perimental depart- 
ment, where  he  had 
full  opportunity  to 
develop  and  use  his 
inventive  faculties. 
He  was  moved  from 
the  experimental  de- 
partment to  the 
lamp  department  be- 
cause he  was  "a 
thinker,"  Mr.  Edison  feeling  he  would 
do  better  work  there.  He  learned  the 
lamp  business  in  all  its  details.  In  July, 
1 88 1,  he  went  to  Europe  as  assistant  in 
connection  with  the  Edison  exhibit  at  the 
Paris  Exposition. 

After  he  left  Mr.  Edison's  employ  he 
became  superintendent  of  the  lamp  de- 
partment of  another  company.  He  made 
still  another  business  change,  and  then, 
continuing  his  progress,  he  organized  the 
Monongahela  Electric  Light  Company. 

In  1894  Mr.  Acheson  formed  the  Car- 
borundum Company  and  a  little  later  the 
International  Acheson  Graphite  Com- 
pany. He  is  one  of  the  recognized  lead- 
ers in  the  electrochemical  industry  and 
is  now  president  of  the  American  Elec- 
trochemical Society  and  vice-president 
of  the  Chemical  Societv. 
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SPONGE  FISHING  BY  SUBMARINE  BOAT. 

Along  the  banks  surrounding  the  Ker- 
kenah  on  the  coast  of  Tunis  are  exten- 
sive sponge  fisheries.  Most  of  the 
sponge  fishing  has  been  done  until  re- 
cently by  naked  natives  who  descend  to 
great  depths  by  means  of  a  stone  which 
they  leave  at  the  bottom  when  bringing 
up  the  sponges.  This  is  very  dangerous 
to  the  health  and  extremely  hard  work 
and  recently  divers  have  used  modern 
equipment  for  this  work.  The  very  lat- 
est development  in  the  art,  however.  Is 
the    submarine    boat    which    is    provided 


This  arm  is  worked  through  a  water- 
tight ball  and  socket  joint  on  the  curved 
bow,  projecting  from  the  lower  part  and 
having  at  the  end  of  the  arm  cla 
pinchers  for  cutting  the  sponges  or  de- 
taching them  and  placing  them  in  a 
basket  or  iron  framework. 

There  are  four  electric  lamps  provided 
each  of  10  candlepower  on  the  interior 
of  the  boat,  and  other  electric  lamps  art- 
attached  to  a  fixed  arm,  with  a  reflector 
so  arranged  that  the  sea  bottom  is  lighted 
brilliantly  and  the  work  of  gathering  the 
sponges   may   be  noted   through   a  glas^ 
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with  electric   searchlights   for  illuminat- 
ing the  bottom  of  the  sea. 

The  submarine  sponge  fishing  boat 
shown  in  the  accompanying  illustration 
has  a  buoyancy  of  600  kilograms  and  is 
capable  of  carrying  two  men  in  sponge 
fishing  service,  the  above  buoyancy  with 
the  water  tanks  empty  causes  the  boat 
to  remain  on  the  surface  and  rise  from 
the  bottom  of  the  sea  when  desired.  By 
opening  the  proper  valves  the  ballast 
tanks  are  filled  with  water  and  the  sub- 
marine vessel  sinks,  the  manhole  at  the 
top,  surmounted  by  a  turret,  having  tirst 
been  closed  by  a  cover  and  hermeticall} 
sealed.  When  it  becomes  necessary  to 
rise  to  the  surface  compressed  air  is  ad- 
mitted to  the  ballast  tanks. 

A  movable  arm  is  provided  at  one  end 
oi   tbe    boat    for    use    in    sp(Migt>    fishing. 


window  on  the  bow  of  the  vessel,  A 
number  of  storage  battery  cells  are  used 
for  supplying  current  to  the  electric 
plant  and  telephones  are  provided  on  the 
sub-marine  boat,  so  that  conversation 
may  be  carried  on  with  a  floating  boat 
which  carries  the  sponges  which  are 
gathered  by  the  sub-marine  vessel. 


Vice-President  Wilgus  of  the  New 
York  Central  railroad  gave  the  results  oi 
his  investigation  of  the  comparative  cost 
ot  electric  power  and  steam  for  the  sub- 
urban service  oi  that  line  in  an  address 
before  the  American  Society  of  Civil  En- 
gineers, stating  that  the  daily  cost  of 
running  a  steam  locomotive,  including 
interest,  depreciation  and  repairs,  was 
$13 1  the  cost  oi  the  same  service  by 
electric  motor  was  $10.50.     Although  the 
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HOUSEHOLD 


EQUIPMENT  OF  AN  ELECTRIC  KITCHEN 


SINCE  times  remote,  when  our  ab- 
original ancestors  first  secured  the 
blessing  of  fire  by  rubbing  together 
two  sticks,  the  idea  has  been  bred  into 
the  human  race  that  fire  is  a  domestic 
necessity  for  heating  and  cooking.  It 
was,  indeed,  a  necessity  until  a  few  years 
ago,  when  the  discovery  was  made  that 
fireless,  smokeless  heating  and  cooking 
by  electric  current  was  practicable.  It 
is  not  to  be  wondered  at,  therefore,  that 
many  people  are  not  as  yet  familiar  with 
the  wonderful  possibilities  of  electricity 
as  an  adjunct  to  household  economy,  or 
that  those  who  are  aware,  in  a  general 
way,  of  its  applications  are  prone  to 
think  that  the  old  way,  which  has  been 
handed  down  from  ages  past  is  still  good 
enough.  It  is  the  object  of  this  article 
to  describe  and  illustrate  the  principal 
electrical  household  utensils  now  in  use 
more  especially  the  cooking  utensils.,  so 
that  those  who  have  not  already  become 
acquainted,  by  actual  experience,  with 
the  advantages  and  economy  of  electric- 
ity may  gain  a  fair  idea  of  the  great 
progress  which  has  been  made  in  the 
development  of  these  devices,  even  in 
the  short  time  that  they  have  been  before 
the  public. 

To  begin  with,  What  are  the  particu- 
lar advantages  of  electrical  household 
utensils?  Why  should  the  housewife  be 
interested  in  adopting  them  in  place  of 
the  old  and  tried  methods  that  have  been 
in  vogue  for  years?  These  questions 
may  easily  be  answered  by  words  but 
much  more  easily  and  satisfactorily  by 
actual  trial,  for  no  one  who  has  adopted 
the  twentieth   century  electrical  way  of 


doing     things    will     revert     to    the     old 
methods. 

In  the  first  place,  wherever  fire  is  em- 
ployed in  the  house  for  culinary  purposes 
danger  is  present,  no  matter  if  the  fuel 
be  gasoline,  gas  or  coal.     Conflagrations 


HEATING  UNITS  FOR  ELECTRIC  UTENSILS. 

have  resulted  and  always  will  result 
through  carelessness  or  accident.  With 
electricity  there  is  absolutely  no  danger 
for  there  is  no  flame.  Again,  where  a 
flame  is  used  there  is  a  waste  of  heat 
which  escapes  to  the  surrounding  atmos- 
phere and  renders  the  kitchen  almost  in- 
tolerable on  a  hot  summer  day.  With 
electric  utensils  the  heat  is  generated  at 
the  point  of  application  and  all  the  heat 
is  utilized  in  the  process  for  which  it  is 
intended.  None  escapes  to  the  atmos- 
phere of  the  room. 
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FRYING  PAN. 

WATER  HEATER. 

(MI  AIDING    DISH. 


Added  to  the  above  advantages  elec- 
tric utensils  are  more  convenient,  and  the 
temperature  is  not  only  brought  up  to  the 
proper  point  in  a  few  moments  time,  but 
it  can  be  regulated  to  a  nicety  that  is  un- 
obtainable by  the  use  o\   fuel. 

"But  how  do  these  devices  operate?" 


COFFK    PERCOLATOR. 
TEAKETTLE. 


"Do  1  have  to  be  an  expert  on  electricity 
to  manipulate  them?"  "Must  I  always 
be  looking  out  for  a  'shock'  when  using 
these  utensils?"  These  are  some  of  the 
questions  which  may  be  asked  by  the  un- 
initiated. 

An  electric  cooking  utensil  is  a  sil 
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device  and  any  one  who  can  screw  the 
ordinary  electric  light  bulb  into  its 
socket  is  capable  of  operating  any  one 
of  them — not  a  very  severe  test.  In  gen- 
eral, each  device  consists  of  two  ele- 
mentary parts,  the  body,  which   is   sim- 


wires.     In  any  case  the  attachment  may 
be  made  in  a  moment's  time. 

The  accompanying  illustrations  show 
the  more  common  electric  cooking  de- 
vices now  in  use.  The  frying  pans  are 
made  of  sheet  steel  and  are  wonderfullv 


PARTS  OF  AN  ELECTRIC  CEREAL  COOKER. 


ilar  to  the  devices  in  ordinary  use,  and 
the  heating  unit.  The  heating  unit  is 
simply  a  coil  of  wire  through  which  the 
electric  current  passes,  and  which,  by 
virtue  of  its  resistance,  is  heated  by  the 
current.  As  manufactured  by  the  Gen- 
eral Electric  Company  the  heating  units 
are  of  two  varieties,  the  cartridge  type 


convenient  for  light  housekeeping.  They 
are  made  in  various  sizes  from  five  to 
ten  inches. 

With  the  coffee  percolator  delicious 
coffee  can  be  prepared  in  a  few  minutes. 
The  process  of  percolation  is  said  to  ex- 
tract the  strength  and  aroma  of  the  bean 
without   the   harmful   ingredients.      The 
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and  the  quartz  enamel  type.  These  heat- 
ing units  are,  however,  hidden  away  in- 
side the  utensil  and  require  no  attention. 
They  are  provided  with  protruding  term- 
inals which  fit  a  plug  on  the  connecting 
cord,  the  other  end  of  the  cord  being 
provided  with  a  plug  which  screws  into 
the  electric  lamp  socket  or  else  in  the 
case  of  the  range,  which  will  be  de- 
scribed later,  terminates  in  leads  which 
are  permanently  connected  to  the  house 


ELECTRIC    STOVE. 

percolator  can,  if  so  desired,  be  set  on 
the  dining  room  table  and  attachment 
made  to  the  lamp  socket.  There  is  no 
flame  and  no  alcohol  to  spill  on  polished 
table  tops.  Similarly  with  the  chafing 
dish ;  this  may  be  used  in  any  room  in 
the  house  where  electric  fixtures  are  in- 
stalled. The  tea  kettles  are  made  in  any 
size  desired ;  also  the  water  heaters. 
For  convenience  in  the  kitchen  a  form 
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of  cooking  and  baking  table  is  made  for 
holding  the  various  cooking  utensils 
while  in  use.  There  is  a  substantial 
wooden  stand  on  which  all  the  utensils, 
including  the  electric  oven,  may  be  con- 
veniently arranged.  As  will  be  noted 
in  the  picture,  permanent  cord  attach- 
ments are  made  at  the  back  of  the  stand, 


temperature  can  be  regulated.  While 
not  as  serviceable  for  heating  liquids  as 
the  regular  water  heaters  these  stove- 
are  a  very  handy,  clean  and  safe  substi- 
tute for  the  ordinary  gas  heater. 

Griddle  cakes  or  a  nicely  broiled  steak- 
can  be  prepaid  on  the  electric  broiler 
without   the   necessity   of   standing   over 


ELECTRIC  COOKING  TABLE  AND  OVEN. 


and  there  are  connecting  cords  enough 
to  plug  into  all  of  the  utensils.  Above 
each  cord  is  a  snap  switch  so  that  the 
current  may  be  turned  off  from  any 
utensil  without  removing  the  cord  and 
plug.  The  outfit  shown  takes  the  place 
of  the  ordinary  range,  but  how  much 
easier  it  is  to  clean,  and  how  cool  to 
work  over. 

For  preparing  breakfast  the  cereal 
cooker  is  almost  indispensable.  One  o\ 
the  illustrations  shows  the  various  parts 
of  this  device  and  while  it  is  essentially 
a  kitchen  utensil  it  is  SO  attractive  and 
convenient  that  many  uses  can  be  found 
for  it  in  the  dining  room. 

Another  useful  device  is  the  electric 
Stove,     This  is  made  oi  cast  iron  and  the 


a  hot  stove.     As  there  is  no  flame  there 
is  no  taste  of  gas  or  burnt  tat. 

While  not  classed  with  cooking  uten- 
sils the  electric  flatiron  should  not  go 
unmentioned  in  connection  with  the  de- 
vices above  enumerated.  Electric  flat- 
irons  are  now  made  in  all  desirable  -: 
the  one  illustrated  being  a  six-pound 
iron.  The  three-pound  iron  is  especi; 
adaptable  for  all  kinds  of  light  pressing 
and  for  shirtwaists,  baby  dresses,  collars, 
lies,  ribbons,  handkerchiefs,  etc.  Women 
who  have  delicate  laces  or  embroidery 
which  cannot  be  trusted  in  other  hands 
to  launder  will  appreciate  this  type  of 
iron  above  all.  The  great  advantage  oi 
electric  irons  lies  in  the  fact  that  the\ 
keep  an  even  temperature  a-  long   is  the 
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current  is  on.  There  is  no  running  back 
and  forth  from  the  stove  to  the  ironing 
board ;  one  minute  trying  to  get  the  last 
bit  of  work  out  of  a  fast  cooling  iron 
and  the  next  scorching  the  materials 
with  one  that  is  too  hot.  No  harm  is 
done  if  the  current  is  left  on  while  the 
iron  is  not  in  use  and  this  is  true  also 
of  the  cooking  utensils,  though  of  course 
for  reason  of  economy  the  current  should 
be  switched  off  as  soon  as  possible  when 
the  work  is  completed. 

While  the  above  described  utensils  are 
particularly  appreciated  during  the  hot 
summer  months  it  must  be  borne  in  mind 
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that  they  are  practicable  the  year  around. 
The  convenience  which  is  attendant  up- 
on their  use  is  exactly  as  great  in  the 
winter  as  in  the  summer,  and  the  elec- 
trically equipped  kitchen  is  a  blessing 
to  the  housewife  at  any  season  of  the 
year. 

"But  is  not  the  expense  too  great?"  is 
the  question  which  is  often  asked.  This 
question  may  be  answered  in  the  negative 
with  assurance.  At  the  usual  rates 
for  gas  and  electricity  it  has  been  found 
that  the  actual  cost  of  the  electric  cur- 
rent is  but  slightly  higher  than  for  gas, 
but  when  the  convenience,  cleanliness, 
lack  of  odor  and  heat  and  the  greatly 
decreased  fire  risk  are  taken  into  consid- 
eration this  slight  difference  is  more  than 
overbalanced. 


THE  ELECTRIC  CURLING  IRON. 

See  Front  Cover. 

The  panel  picture  on  the  front  cover  of 
this  issue  is  devoted  to  a  subject  that  is 
interesting  to  all  the  readers  of  this  de- 
partment. It  illustrates  a  new  form  of 
electric  curling  iron  which  will  be  ap- 
preciated by  every  woman  who  has  ex- 
perienced the  discomforts  of  the  old- 
fashioned  flame  heated  iron  with  the 
soot  the  overheating  and  the  discolora- 
tion of  the  hair  which  are  attendant  upon 
its  use. 

The  iron  illustrated  is  electrically  self- 
heated,  that  is,  it  is  provided  with  a  cord 
attachment  for  connection  to  an  electric 
lamp  socket  and  the  heating  unit  is  con- 
tained within  the  iron  itself.  It  there- 
fore should  not  be  confused  with  the 
curling  iron  which  is  heated  in  a  separate 
electrical  heater.  Another  feature  of  this 
new  iron  is  the  fact  that  the  cord  attach- 
ment may  be  removed  while  in  use.  The 
iron  once  heated  will  retain  the  heat  for 
a  considerable  length  of  time,  providing 
absolute  freedom  in  its  manipulation. 
The  detached  iron  will  hold  its  imparted 
heat  to  complete  satisfactorily  a  dressing 
of  the  entire  head. 

The  woman  who  travels  will  find  this 
electric  curler  almost  indispensable  in 
hotels  and  on  trains  and  steamships 
where  only  electric  current  is  available. 
She  does  not  always  want  to  depend 
upon  some  hairdresser  who  may  or  may 
not  be  at  leisure  or  at  hand.  Especially, 
when  she  has  only  a  few  "side  curls"  to 
"do  up."  Likewise  the  woman  who  re- 
sides in  a  modern  dwelling  and  who  uses 
and  appreciates  electric  current  for  its 
cleanness,  reliability  and  cheapness  will 
be  inclined  in  its  favor  so  far  as  to  wel- 
come any  improvements  over  old  utensils 
involving  as  a  first  advantage  the  substi- 
tution of  electric  current  for  gas. 

Actresses  are  not  allowed  to  use  flame 
lamps  in  their  dressing  rooms  because  of 
the  fire  ordinances  of  various  cities  gov- 
erning theaters  and  other  places  of 
amusement,  sometimes  have  persisted  in 
the  use  of  the  old-fashioned  iron  in  vio- 
lation of  these  laws.  The  electric  iron, 
therefore,  will  obviate  the  troubles  of 
these  stage  people  and  reduce  the  time 
of  "making  up,"  at  the  same  time  com- 
plying fully  with  the  ordinances  and 
regulations. 


JUNIOR. 
SECTION 


A  MARVELOUS  ELECTRIC  MAGIC  BOX. 


By  means  .of  the  electric  magic  box 
shown  in  Fig.  i,  a  novel  and  interesting 
electrically  operated  optical  illusion  has 
been  worked  out.  It  is  operated  elec- 
trically as  indicated  in  Figs.  2  and  3, 
the  electrical  connections  being  indicated 
in  the  diagrams  Figs.  4  and  5. 

This*  magic  electric  box  is  utilized 
wTith  electric  lamps  so  that  an  aquarium 
apparently  without  fish  at  one  moment  is 
in  the  next  instant  seen  swarming  with 
live  gold  fish.  An  empty  cage  viewed 
through  the  opening  in  the  box  sudden- 
ly has  a  handsome  canary  bird  singing 
and  in  full  view,  or  a  cigar  box,  empty 
at  one  moment,  is  instantly  filled  with 
cigars  before  the  observer's  eyes  the  next. 

This,  unique  electrical  device  has  been 
SO'  constructed  that  any  boy  may  produce 
some  marvelous  effects  in  the  family  par- 
lor, or  a  merchant  may  utilize  it  as  a 
store  window  attraction  for  displaying 
jewelry  or  other  goods  in  an  attractive 
and  startling  manner.  The  details  of 
construction  are  simple  and  the  method 
of  operation  is  given  below  in  detail. 

The  electric  magic  casings  or  boxes 
are  of  oxidized  copper  finish,  so  con- 
structed as  to  be  readily  assembled  for 
parlor  use  or  dismembered  and  folded 
Or  slacked  compactly  for  storing  or  ship- 
ment. 

The  Upper  magic  box.  Fig.  1,  is  about 
\2  inches  square  and  about  S1.-  inches 
high  for  parlor  magic,  and  the  lower  box 
is  [8  inches  square  and  io'.»  inches  high 
for  use  in  window  displays  or  at  enter- 
tainments. 

Sections  of  the  casing  are  constructed 
o\   sheet    metal   and   are   detachablv   con- 


nected by  providing  the  marginal  parts 
or  edges  of  the  top  and  bottom  sections 
with  locking  channels,  grooves  or  folds 
which  are  adapted  to  receive  hook- 
shaped  tongues  or  flanges  at  the  upper 
and  lower  edges  of  the  rear,  side  and 
front  wall  sections.     These  channels  and 
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FIG     1.   MARVELOUS  ELECTRIC  MAGIC  B<   X 

tongues  engage  with  each  other  by  sli- 
ding lengthwise  relatively  to  each  other. 
The   vertical   corners  are  made  tight   by 

means  of  vertical  Ranges  arranged  on  the 
corner  edges  oi  the  wall  sections  and 
overlapping  each  other,  as  .-hewn  in 
Fig.  3. 

It   may  he  stated  that  the  front  Wi 
made  in  one  piece,  but  the  rear  and  side 
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walls  are  each  constructed  in  two  nor- 
mally overlapping  pieces  to  permit  of 
opening  the  casing  at  the  right  side  ad- 
jacent to  the  front  right  corner  and  at 
the  rear  adjacent  to  the  rear  left  corner, 
as  shown  in  Fig.  3. 

There  is  a  partition  arranged  diago- 
nally within  the  casing  the  full  height 
and  extending  from  the  front  left  corner 
to  the  right  rear  corner  which  divides 
the  casing  into  front  and  rear  compart- 
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FIG.    2.     MOUNTING    OF    LAMPS    IN    MAGIC 
BOX. 

ments.  The  left  half  of  the  partition  op- 
posite the  sight  opening  of  the  casing  is 
transparent  and  the  right  half  opposite 
the  front  wall  section  is  opaque.  The 
transparent  part  of  the  partition  consists 
of  glass  and  the  opaque  part  of  sheet 
metal,  the  two  parts  being  joined  by  a 
vertical  groove  formed  on  the  left  edge 
of  the  opaque  partition  section  receiving 
the  inner  opposing  edge  of  the  glass  par- 
tition section,  as  indicated  in  Fig.  3. 

It  may  be  stated  that  the  interior  of 
the  casing  and  also  the  opaque  part  of 
the  partition  are  rendered  non-reflecting 
by  making  them  of  black  or  dark  mate- 
rial, such  as  charcoal  iron,  or  by  produc- 
ing a  dark  oxidized  copper  finish  to  pre- 
vent reflection  of  light. 

For  operating  this  magic  box  by  elec- 
tricity the  top  of  the  casing  is  provided, 
adjacent  to  the  right  or  rear  end  of  the 
partition,  with  two  openings  which  lead 
into  the  front  and  rear  compartments. 
Detachably  secured  in  these  upper  open- 
ings and  arranged  in  the  front  and  rear 
compartments,  respectively,  are  two  in- 
candescent electric  lamps  whereby  these 
compartments  may  be  illuminated  elec- 
tricallv.  These  lamps  are  mounted  as 
seen  in  Fie.  2  and  the  wires  enter  as 
shown  in  Fig.   1. 

It  will  be  seen  that  upon  placing  an 


object  in  one  or  the  other  of  the  com- 
partments in  the  casing  within  range  of 
the  glass  part  of  the  partition,  and  al- 
ternately illuminating  the  compartments, 
the  illusion  will  be  produced,  upon  one 
looking  into  the  casing  through  the  sight 
opening,  that  the  object  is  appearing  and 
disappearing. 

When  the  rear  compartment  only  is 
illuminated  by  lamp  (A),  any  object 
(D)  arranged  within  the  same,  in  the 
rear,  is  visible  if  the  glass  part  of  the 
partition  is  visible  to  the  spectator  look- 
ing into  the  casing  through  the  sight 
opening.  But  when  the  front  compart- 
ment, only,  is  illuminated  by  lamp  (B) 
and  the  rear  compartment  is  dark,  the 
article  (D)  in  rear  of  the  glass  partition 
is  obscured  and  any  article  (C)  in  the 
front  compartment  is  reflected  by  the 
front  side  of  the  glass  partition  in  the 
line  of  vision  of  the  spectator  at  the  sight 
opening,  and  is  made  to  appear  as  if 
located  behind  the  glass  partition. 

In  case  an  empty  bowl  or  aquarium  is 
arranged  in   the   rear  compartment   and 


FIG.3.     SECTIONAL    VIEW    OF    MAGIC    BOX. 

a  bowl  or  aquarium  of  like  character  con- 
taining fish  is  arranged  in  the  front 
compartment,  upon  illuminating  the 
compartments  alternately  it  will  appear 
to  the  observer  at  the  sight  opening  that 
a  fish  is  alternately  present  and  absent 
from  the  same  bowl.  Like  illusions  can 
be  produced  by  using  various  objects. 

If  desired  the  left  part  of  the  rear  wall 
behind  the  glass  and  the  front  part  of  the 
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right  wall  may  be  withdrawn  and  the 
faces  of  different  persons  may  be  placed 
therein  with  curtains  hiding  the  box  ex- 
cept the  opening,  in  which  case  alter- 
nate illumination  of  the  compartments 
produces  the  impression  on  the  person 
gazing  in  the  sight  opening  that  the 
faces  of  the  persons  at  the  side  and  rear 
openings  of  the  casing  were  changing 
from  one  to  the  other  at  the  same  place. 

When  used  in  the  above  described 
manner,  this  illusion  device  serves  as  a 
toy  or  magic  box  for  amusement  and 
entertainment,  but  when  it  is  desired  to 
use  the  box  for  advertising  purposes,  as 
for  instance,  in  a  store  window,  the 
price  and  description  of  an  article  may 
be  placed  in  one  compartment  and  the 
article  referred  to  in  the  other  compart- 
ment within  range  of  the  glass  part  of 
the  partition,  the  description  and  article 
apparently  appearing  and  disappearing 
in  view  of  the  spectator  as  the  compart- 
ments are  lighted  alternately. 

With    electric    lamps    for    illuminating 


FIG.  4. 

the  compartments  the  operation  may  be 
controlled  by  various  means  to  produce 
different  effects.  For  instance,  the 
lamps  may  be  connected  in  parallel  and 
each  turned  on  or  off  by  means  of  hand 
operated  switch  or  the  button  on  the 
lamp  socket,  or,  if  desired,  a  hand  oper- 
ated adjustable  resistance  (n')  as  noted 
in  Fig.  4  may  be  included  in  the  circuit 
of  each  lamp  (LL')  in  order  to  produce 
a  gradual  fading  away  of  the  object  or 
its  reappearance. 

The  lamps  may  also  be  turned  on  and 
off  automatically  in  various  ways  in- 
stead of  bv  hand.  For  instance,  the 
lamps  may  be  in  parallel  on  the  lighting 
circuit  and  both  connected  in  series. 
Then  a  thermostatic  switch  plug  (O2), 
Fig.  5,  may  be  provided,  a  heating  coil 
operating  to  automatically  open  and  close 
the  circuit.  Or  the  two  lamps  may  be 
connected  as  shown,  in  series.  (L) 
being1  of  high  candle  and  (1  ')  o\  low 
candle  power,  and  from  a  point  between 
these  lamps  a  short  circuit  extends  to  the 
side  of  the   lighting  circuit   which   con- 


nects with  the  lamp  (L'),  the  short  cir- 
suit  containing  a  thermostatic  switch 
plug  (O2).  When  the  contacts  of  the 
switch  plug  are  closed  the  lamp  (L'j  is 
short  circuited,  allowing  the  lamp  (~L)  to 
burn  at  full  brilliancy,  but  when  this 
switch  is  opened  the  two  lamps  operate 
in  series  relatively  to  the  lighting  circuit, 
causing  the  low  candle  power  lamp  (L'j 
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FIG'.   5. 

to  burn  with  increasing  brilliancy  and 
the  high  candle  power  lamp  to  be  re- 
duced to  a  dull  red  glow  on  account  of 
the  high  resistance  of  the  low  candle 
power  lamp  (L')  being  thrown  in  series 
with  it.  Thermostats  for  this  purpose 
may  be  obtained  from  electrical  supply 
companies  at  a  reasonable  price.  As  sta- 
ted above,  however,  they  are  not  neces- 
sary except  for  automatic  advertising 
boxes,  the  simple  snaD  switches  being 
better  for  parlor  magic. 


RHEOSTAT  FOR  SMALL  MOTORS. 

A  simple  rheostat  for  controlling  .the 
speed  of  small  battery  operated  motors 
may  be  made  up  with  very  little  trouble. 
The  materials  needed  are  a  piece  of 
smooth  board  six  by  eight  by  one-half 
inches,  one  strip  of  thin  brass  or  copper 
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IMAL.L    .MOTOR: 


sheet  four  inches  long  and  one-halt 
inch  wide,  rive  brass  headed  nails  and 
about  two  feet  oi  No.  20  German  sil- 
ver wire.  Also  two  brass  binding  posts 
which   can   be   taken    from  old  dr\ 

First  fasten  the  brass  sheet   (H)  to  the 
board  by  the  -crew    (O),  as  shown.     Ad- 
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just  this  so  it  may  be  moved  back  and 
forth  with  ease.  At  the  opposite  end 
drive  the  brass  headed  nail  (R)  into  the 
base,  so  that  (H)  may  rest  upon  it.  On 
each  side  of  (R)  v]/^  inches  apart,  place 
two  other  nails  (P)  in  place  so  the  end 
of  (H)  may  rest  upon  them  when  swung 
around.  Xow  take  the  German  silver 
wire,  and  after  cutting  grooves  on  the 
under  side  of  the  base  between  all  the 
brass  nails,  connect  each  nail  to  the  next 
one  by  a  coil  (C)  by  soldering  it  to  the 
protruding  nail.  Xow  file  off  the  point 
of  each  nail,  to  make  a  smooth  surface. 
Place  small  nails  at  (T)  and  (S)  to  act 
as  stopping  posts  for  (H),  and  on  the 
upper  side  of  (H)  fasten  a  little  wooden 


AMATEUR'S  ELECTRICAL  LABORATORY. 

In  the  accompanying  cut  is  shown  an 
electrical  laboratory  built  up  by  an  en- 
terprising amateur.  On  the  shelf  is  the 
batterv    of    Edison    cells,    while    in    the 


knob  (X)  to  serve  as  a  handle.  Last  of 
all  fasten  in  the  two  binding  posts 
(B,  B).  After  connecting  these  as  in- 
dicated, you  are  ready  to  control  your 
motor  with  five  speeds.  To  do  this  con- 
nect one  wire  from  your  batteries  to  the 
motor  direct,  the  other  wire  from  the 
batteries  should  run  to  one  binding  post 
(B)  on  the  left  of  (H)  and  a  wire 
from  (B)  on  the  right  of  (H)  to  the 
other  motor  part. 

Xow  by  placing  (H)  upon  the  farthest 
left  point  (the  lowest  speed),  and  mov- 
ing it  under  the  other  ponts,  towards  the. 
right  the  current  is  increased,  the  ex- 
treme right  point  being  the  highest 
speed. 


A  wireless  telegraph  set  is  also  shown, 
which  consists  of  a  half-inch  spark  coil 
for  the  transmitting  end  and  a  micro- 
phonic detector  in  connection  with  a 
telephone  receiver  for  the  receiving  end. 


AMATEUR'S  ELECTRIC  LABORATORY 


background  is  shown  the  switchboard, 
which  consists  of  voltmeter,  two  amme- 
ters and  switches  for  the  different 
sources  of  current. 


Any  amateur  can  build  up  such  a  lab- 
oratory at  small  cost,  as  the  majority  of 
apparatus  shown  herewith  was  home 
constructed. 
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QUESTIONS  AND  ANSWERS. 

Readers  of  Popular  Electricity  are  invited  to  make  free  use  of  this  department. 
Knowledge  on  any  subject  is  gained  by  asking  questions,  and  nearly  every  one  has  some 
question  he  would  like  to  ask  concerning  electricity.  These  questions  and  answers  will  be 
of   interest   and   benefit  to  many   besides  the  one  directly  concerned. 


WIRELESS    TELEGRAPHY. 

Questions. —  (l)What  instruments  are  nec- 
essary to  receive  up  to  100  miles?  (2)  Which 
of  these  two  combinations  is  the  best  for  re- 
ceiving, electrolytic  detector  with  telephone 
receiver,  or  coherer  and  relay?  .  (3)  What 
instruments  are  necessary  in  transmitting  up 
to  10  miles?  (4)  Is  a  tuning  coil  necessary 
on  both  transmitting  and  receiving  ends,  and 
if  so  have  they  both  got  to  be  alike?  (5) 
Are  leyden  jars  necessary  in  sending?  Can 
anything  be  used  in*  their  place?  (6)  Is  it 
necessary  to  use  a  condenser  in  sending? 
What  is  meant  by  a  variable  condenser? — E. 
J.  H.,  New  York,  N.  Y. 

Answers. —  (1)  The  instruments  nec- 
essary to  receive  up  to  100  miles  will  de- 
pend on  a  number  of  conditions  such  as 
the  height  of  the  aerial,  strength  of  the 
sending  end  and  type  of  detector  used. 
From  your  question  we  infer  that  you 
wish  to  pick  up  the  messages  sent  out 
from  one  of  the  government  stations 
which  are  capable  from  100  to  1,000 
miles.  This  will  necessitate  the  use  of 
a  tuned  receiving  set.  The  tuned  re- 
ceiving set  comprises  liquid  detector, 
1,000  ohm  telephone  receivers,  tuning 
coil,  battery,  adjustable  condenser,  and 
potentiometer.  The  complete  arrange- 
ment with  letters  indicating  the  various 
parts  is  shown  in  Mr.  Laughter's  article 
on  '"Wireless  Telegraphy  Made  Simple," 
in  the  July  issue,  Fig.  18,  p.  160.  With 
this  arrangement  you  could  easily  pick 
up  the  messages  sent  from  any  of  the 
commercial  stations,  even  up  to  500 
miles.  The  aerial  should  be  at  least  too 
feet  high  and  of  the  type  described  in 
the  August  issue.  To  understand  the 
operation  o\  the  receiving  set  more  thor- 
oughly you  should  read  the  above  article 
in  the   July  issue  carefully. 

(2)  The  electrolytic  detector  and  tele- 
phone receiver. 

(3)  This  question  is  ven  difficult  to 
answer  as  the  conditions  under  which 
a  set  works  will  cause  large  variations 
in  the  size,  strength,  etc.  To  work  ten 
miles  across  a  city  you  should  use  a 
four-inch  spark  coil,  and  about  an  So 
foot  aerial.     At  the  receiving  end  a  tele- 


phone receiver  in  connection  with  a  bat- 
tery and  liquid  detector  will  answer. 
This  distance  has  been  operated  acros- 
an  open  country  with  a  three-inch  coil 
which  you  might  be  able  to  duplicate. 
However,  the  four  inch  coil  is  recom- 
mended for  satisfactory  results. 

(4)  The  tuning  coil  is  only  used  with 
the  closed  circuit  sets.  This  matter  was 
fully  explained  in  "Wireless  Telegraphy'' 
in  June  and  July  issues.  For  instance, 
in  answer  to  your  question  Xo.  3,  we  ad- 
vised the  use  of  a  set  that  does  not  em- 
ploy tuning-  coils  or  leyden  jars  and  is 
known  as  the  open  circuit  method.  While 
this  plant  is  not  so  good  as  the  closed 
circuit,  yet  it  is  largely  used  by  ama- 
teurs owing  to  the  simplicity.  A  simple 
open  circuit  set  was  described  in  the  May 
issue.  Two  different  types  of  tuning 
coils  are  used,  the  sending  and  receiving. 
The  sending  coil  or  helix  consists  of 
about  eight  turns  of  heavy  copper  wire, 
and  the  receiving  coil  of  300  turns  of 
small  wire. 

(5)  Your  question  is  partly  answered 
in  No.  4.  Glass  plates  coated  on  the  op- 
posite sides  with  tin  foil  are  used  to  1 
large  extent.  Other  arrangement-  such 
as  immersing  metal  plates  in  oil  are  also 
used. 

(6)  This  question  has  already  been 
asked  and  answered  in  No.  5.  but  we  will 
go  into  it  more  fully.  The  leyden  jar  is 
simply  a  condenser  used  for  high  tension 
work.  There  are  other  types  of  con- 
densers such  as  paper,  mica.  etc.  The 
paper  condenser  you  have  evidently  in 
mind,  which  would  not  do  at  all  in  the 
sending  circuit  as  the  high  tension  cur- 
rent would  pierce  the  thin  paper  insula- 
tion and  shon  circuit,  or  cross  the  sec- 
ondary current  destroying  the  sending 
efficiency.  A  variable  condenser  is  one 
that  can  be  varied  in  its  capacity.  Two 
sheets  oi  tin  separated  by  a  strip  oi  mi 
with  one  sheet  fixed  stationary,  the  other 
movable  makes  a  variable  condenser. 
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sliding  the  movable  sheet  back  the  sur- 
face between  the  two  sheets  is  lessened 
and  the  capacity  reduced,  sliding  for- 
ward increases  as  the  surface. 


ELECTRIC  LIGHT  FROM  DRY  BATTERIES. 

Question. — Please  tell  me  the  best  way  or 
ways  for  connecting  dry  batteries  so  that  they 
will  give  a  strong  light  and  keep  it  up  as  long 
as  possible.  Please  give  diagrams  or  examples. 
— L.  G.  M.,  Chanute,  Kans. 

Answer. — -As  a  matter  of  fact,  the  dry 
battery  is  very  uneconomical  when  vised 
for  even  the  smallest  of  continuous  light- 
ing experiments.  The  exhaustion  of  any 
battery  depends,  of  course,  on  the 
amount  of  current  which  it  is  required 
to  deliver.     By  connecting  cells  in  mult;- 
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BATTERY     CELLS     CONNECTED     IN     MUL- 
TIPLE   SERIES. 


pie,  the  current  drawn  from  each  cell  is 
reduced  in  proportion  to  the  number  of 
cells  connected,  and  the  period  of  deliv- 
ery correspondingly  lengthened.  The 
average  dry  cell  gives  about  iy2  volts. 
You  do  not  give  the  required  voltage  of 
your  lamps ;  but  assuming  that  your 
lighting  circuit  is  arranged  for  12  volts, 
eight  cells  connected  in  series  would  be 
needed.  A  second  set  of  eight  cells  in 
series,  the  whole  set  connected  in  multi- 
ple to  the  first  set,  would  double  the  life 
of  the  battery,  because  it  would  divide 
the  duties  of  each  cell.  A  third  or  fourth 
set  of  cells  added  in  multiples  would  still 
further  increase  the  capacity.  The  illus- 
tration shows  the  proper  way  to  connect 
the  cells  in  multiple  series.  But  even 
using  24  cells  connected  in  this  way  for 
a  12-volt  lamp,  it  cannot  be  expected  that 
continuous  lighting  for  any  extended 
period  can  be  accomplished.  Some  form 
of  bichromate  cell  would  not  only  work 
more  satisfactorily,  but  with  far  greater 
economy,  and  as  these  cells  give  two 
volts  each,  only  six  or  seven  would  be 
needed  for  a  12-volt  lamp. 


PRINCIPLE  OF    TELEPHONE   CONDENSER 
AND  RECEIVER. 

Question. — Please  explain  the  parts  of  a 
condenser  and  telephone  receiver,  and  how 
they  are  made. — A  Reader,  St.  Mary's,  Ont., 
Canada. 

Answer. — An  electrical  condenser  con- 
sists of  two  conducting  surfaces  separ- 
ated by  an  insulator.  A  Leyden  jar, 
formed  by  coating  the  inside  and  outside 
of  a  glass  par  or  bottle  with  tinfoil,  the 
two  coatings  not  connected  in  any  way,  is 
a  condenser.  But  glass  is  cumbersome 
and  expensive,  and  by  substituting  paper 
as  the  insulator  the  surfaces  may  be 
greatly  extended  and  the  whole  mass 
rolled  or  folded  into  a  compact  form. 
Condensers  for  telephone  purposes  are 
made  by  placing  rolls  of  tinfoil  and  spe- 
cial paper  in  a  machine  which  places  two 
strips  of  paper  between  every  two  strips 
of  foil.  As  the  foil  is  narrower  than  the 
paper  the  two  foil  strips  remain  entirely 
separate ;  and  any  required  length  may 
then  be  rolled  into  a  compact  form.  It  is 
then  dipped  in  melted  paraffine  and  dried 
under  heavy  pressure.  The  finished  con- 
denser is  usually  placed  in  a  flat  metal 
can  for  protection.  The  condensers  used 
on  spark  coils  are  usually  made  by  cut- 
ting sheets  of  paper  and  tinfoil  to  the  re- 
quired size,  the  foil  sheets  somewhat 
smaller  than  the  paper,  and  then  piling 
up  alternate  sheets  of  paper  and  foil, 
sometimes  to  several  hundreds.  Alter- 
nate sheets  of  foil  are  then  connected  to 
opposite  terminals.  The  condenser  is 
supposed  to  store  up  static  electricity 
and  the  larger  its  surfaces  or  the  closer 
they  are  to  each  other,  the  higher  the  ca- 
pacity. In  fact,  the  capacity  of  a  con- 
denser may  be  regulated  by  a  greater  or 
less  degree  of  compression.  An  excel- 
lent grade  of  very  thin  paper  must  be 
used  as  the  dielectric,  or  insulator,  as  if 
any  holes  existed  in  it.  the  pressure 
would  cause  the  opposite  tinfoil  surfaces 
to  touch,  causing  a  short  circuit. 

The  electrical  action  of  a  condenser  is 
peculiar,  and  is  best  explained  by  a  me- 
chanical analogy.  Thus  we  will  suppose 
(C),  Fig.  1,  to  be  a  reservoir  and  (P)  a 
partition  dividing  it  into  two  parts.  The 
pipes  (W  W)  represent  the  two  elec- 
trical wires  or  terminals  of  the  condens- 
er. Xow  imagine  that  air  at  any  pressure 
is   forced  into  either  pipe  by  the  pump 
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(D),  which  may  be  said  to  represent  the 
dynamo  or  battery.  A  current  of  air 
will  move  through  the  pipes  (VV  W)  for 
an  instant,  but  will  stop  when  the  pres- 
sure in  the  reservoir  .equals  the  pressure 
in  the  pump.  Now  if  the  valve  (V)  is 
opened,  the  reservoir  will  discharge,  and 
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FIG.   1. 


a  current  of  air  will  flow  through  the 
pipes  in  the  reverse  direction.  But  if 
we  imagine  a  pump  that  will  force  air 
alternately  in  each  direction,  the  alterna- 
tions succeeding  each  other  very  rapidly, 
the  capacity  of  the  reservoir  will  permit 
a  flow  of  air  back  and  forth  in  the  pipes, 
in  spite  of  the  partition  (P).  A  con- 
denser operates  in  an  electrical  circuit 
much  as  the  reservoir  does  in  this  pipe 
circuit.  The  more  rapid  the  alternations 
the  less  perceptible  is  the  interference  of 
the  partition,  or  insulator.  Fig.  2  is  a 
diagram  of  a  condenser  in  an  electrical 
circuit. 

A  telephone  receiver  consists  essential- 
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PIG.  2. 

ly  of  three  parts,  a  permanent  magnet,  an 
electromagnetic  coil,  and  a  vibrating  dia- 
phragm. The  illustration.  Fig.  3,  shows 
clearly  how  these  parts  are  arranged.  The 
bar  magnet  (M)  is  o\  steel  to  perma- 
nently retain  its  magnetism.  The  coil 
(C)   may  be  wound  directly  on  one  end 


of  the  magnet,  and  is  of  very  fine  wire. 
The  diaphragm  (D)  is  of  thin  iron  plate, 
called  ferrotype  plate.  It  is  fastened  by 
its  edges,  so  that  its  center  is  held  very 
close  to  the  end  of  the  magnet,  yet  is 
free  to  vibrate.  It  is  obvious  that  a  cur- 
rent through  the  coil  in  one  direction  will 
tend  to  weaken  the  magnet,  and  so  re- 
duce its  pull  on  the  diaphragm ;  while 
a  current  in  the  opposite  direction  will 
increase  the  magnetism  and  so  draw  the 
diaphragm  slightly  nearer.  As  a  result, 
every  charge  or  fluctuation  in  a  current 
flowing  through  the  coil  will  cause  a  flut- 
ter in  the  diaphragm.  And  if  these  cur- 
rent changes  are  caused  by  the  vibra- 
tions of  a  voice  against  a  transmitter,  it 
is  obvious  that  the  receiver  diaphragm 
will  follow  every  variation  faithfully,  and 
vibrate  exactly  the  same  as  does  the 
transmitter.     The  result  is  that  the  voice 
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FIG.  3. 

causing  the  original  disturbance  is  re- 
produced accurately  by  the  receiver.  Dif- 
ferent manufacturers  have  adopted  vari- 
ous forms  of  construction  for  telephone 
receivers,  and  have  added  a  few  parts 
for  mechanical  reasons ;  but  the  prin- 
ciple of  all  receivers  is  the  same  as  that 
shown  in  Fig.  3. 


110  VOLT  TRANSFORMER. 

Question. — Will  you  please  explain  how  to 
make  a  transformer  for  110  volts. — J.  O'N., 
Niagara  Falls.  X.  V. 

Answer, — The  design  of  a  transfer- 
er to  work  on  a  1  IO-VOlt  circuit  involves 
calculations  which  are  hardly  within  the 
scope  o\  this  Questions  and  Answers 
department ;  but  an  article  describing 
such  a  transformer  with  full  directions 
for  its  construction,  using  simple  ma 
rials,  will  appear  in  an  early  number  of 
Popular  Electricity. 
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OPERATION  OF  A  TOY  ELECTRIC  TRAIN. 

Question. — I  have  a  toy  electric  train,  which 
is  run  by  dry  batteries  of  six  volts.  I  wish  to 
run  it  by  the  electricity  in  the  light  wires  in 
our  house.  The  current  is  1<>4  volts  alternat- 
ing. Have  you  any  suggestion  as  to  how  I 
can  reduce  and  transform  this  current  so  as 
not  to  burn  out  my  engine? — D.  H.  A.,  South- 
iiigton,    Conn. 

Answer. — There  are  several  ways  of 
transforming  alternating  into  direct  cur- 
rent, but  all  would  be  open  to  your  ob- 
jection that  the  first  cost  of  the  neces- 
sary apparatus  is  comparatively  high. 
The  mercury  arc  rectifier,  which  is  a  sort 
of  electrical  valve,  would  be  imprac- 
ticable both  on  account  of  cost  and  be- 
cause the  current  required  in  your  case  is 
too  small  for  it  to  handle  efficiently.  The 
electrolytic  rectifier,  which  depends  for 
its  principle  on  the  fact  that  certain  elec- 
trodes and  liquids  will  conduct  a  current 
in  one  direction  but  not  in  the  other,  de- 
livers direct  current  by  simply  shutting 
off  all  the  alternating  current  impulses  in 
one  direction  but  transmitting  those  that 
go  the  other  way.  Its  objection  for  your 
purpose  lies  in  the  fact  that  even  after 
being  rectified,  the  resulting  direct  cur- 
rent would  still  be  at  104  volts,  and  re- 
quire further  apparatus  for  its  reduction. 
The  only  practical  device  for  you  to  use 
in  changing  alternating  to  direct  current 
is  a  motor-dynamo,  that  is,  an  alter- 
nating current  motor  wound  for  104 
volts,  and  a  direct  current  dynamo  wound 
for  six  volts  combined  in  one  machine. 
The  simplest  arrangement  on  this  prin- 
ciple would  be  to  connect  an  ordinary  al- 
ternating current  fan  or  other  small 
motor  to  a  six-volt  direct  current  dynamo 
either  by  belt  or  direct  shaft  connection. 

However,  it  often  happens  ■  that  the 
very  small  motors  used  on  toy  electric 
cars  will  operate  very  successfully  on  al- 
ternating current,  if  the  frequency  is  not 
too  high.  If  the  iron  parts  of  the  motor 
are  laminated — that  is,  the  field  and 
armature  made  up  of  sheet  iron  punch- 
ings — it  will  run  as  well  on  alternating  as 
direct  current.  In  this  case  it  would 
only  be  necessary  to  step  the  voltage 
down  from  104  to  six  by  means  of  an 
ordinary  transformer.  Articles  describ- 
ing the  construction  of  a  simple  trans- 
former, and  also  of  a  motor-dynamo,  will 
appear  in  future  numbers  of  Popular 
Electricitv. 


CHARGING   SECONDARY    BATTERIES 
FROM  PRIMARY  BATTERIES. 

Question.— (A)  Can  a  six  volt,  60  ampere 
storage  battery  be  charged  with  gravity  bat- 
teries or  Edison  primary  batteries?  (B)  What 
is  the  difference  between  a  high  and  low  ten- 
sion  magneto? — V.   E.   H.,   Cleburne,   Kans. 

Answer. —  (A)  Xo  difficulty  will  be 
found  in  charging  storage  batteries  by 
means  of  primary  batteries,  although  the 
process  is  not  at  all  economical.  It  is 
obvious  that  we  cannot  get  any  more  en- 
ergy out  of  the  secondary  battery  than 
the  primary  battery  puts  into  it — nor  in- 
deed as  much  ;  but  it  is  possible  to  obtain 
from  the  accumulated  charge  a  far 
stronger  effect,  for  a  short  period,  than 
could  be  obtained  from  the  primary  bat- 
tery direct.  That  is,  we  may  charge  the 
storage  battery  continuously  for  say  10 
hours,  and  then  entirely  discharge  it  in 
one  hour  or  less,  with  a  corresponding 
display  of  energy.  And  as  such  installa- 
tions are  usually  made  only  for  experi- 
mental purposes,  the  question  of  econ- 
omy is  not  so  important  a  factor.  To 
charge  a  six-volt  storage  battery  requires 
about  eight  volts,  in  order  to  overcome 
the  counter  electromotive  force.  There- 
fore, as  gravity  cells  give  approximately 
one  volt  each,  eight  cells  connected  in 
series  will  be  ample.  If  the  storage  bat- 
tery current  is  to  be  used  with  any  regu- 
larity, the  gravity  cells  should  be  left  per- 
manently connected  to  its  terminals,  so 
that  the  charging  goes  on  continuously. 
Inasmuch  as  the  internal  resistance  of  the 
60-ampere  storage  battery  is  quite  low, 
the  gravity  cells  should  be  inspected  fre- 
quently, and  the  "blue  line"  kept  at  its 
proper  level.  A  second  and  even  a  third 
or  fourth  set  of  eight  gravity  cells  con- 
nected in  multiple  to  the  first  set  will 
hasten  the  charging  process.  Edison 
primary  cells  give  about  two-thirds  of  a 
volt  each,  so  12  cells  would  be  necessary 
to  give  the  requisite  eight  volts.  Charg- 
ing will  be  more  rapid  with  the  Edison 
cells,  as  the  output  of  current  is  greater. 
Gravity  cells  will  be  found  quite  satisfac- 
tory, however.  It  will  be  seen  that  in 
an  installation  of  this  kind  the  sole  func- 
tion of  the  secondary  battery  is  to  con- 
centrate into  a  short  period  of  time  the 
prolonged  discharge  of  the  primary  bat- 
tery, (B).  See  pp.  192  and  193.  July 
issue  of  Popular  Electricity. 


POPULAR    ELECTRICITY 


323 


NEW    ELECTRICAL    INVENTIONS 


ELECTRIC  GAS  LIGHTER. 

By  operation  of  a  single  push  button 
the  gas  may  be  turned  on  and  lighted  or 
may  be  turned  off.  The  device  by  which 
these  diametrically  opposite  results  are 
obtained  is  shown  in  the  accompanying 
diagram  and  is  the  invention  of  Ray- 
mond A.  Rockwood  of .  Monrovia,  Cal. 
Two  electromagnets  as  shown  in  the  cut 


operate  not  only  to  open  and  close  a 
valve  leading  to  the  gas  jet  but  also  to 
produce  the  necessary  spark  for  lighting 
the  gas.  These  two  operations  are  ac- 
complished by  an  ingenious  arrange- 
ment of  the  contacts  operated  by  the 
push  button.  The  first  pressure  on  the 
button  closes  a  circuit  which  energizes 
the  magnets,  which  in  turn  draw  up  an 
armature  which  operates  the  valve  arm. 
The  spark  for  lighting  the  gas  is  pro- 
duced at  the  same  time.  The  next  pres- 
sure of  the  button  reverses  the  operation 
and  leaves  the  contacts  in  their  original 
position. 


EYE  MAGNET. 

Foreign  particles  of  magnetic  sub- 
stances are  difficult  to  extract  from  the 
eye,  as  they  are  usually  sharp  metallic 
substances  which  work  in,  rather  than 
out.  Magnets  are  used  to  advantage  in 
extracting  iron  filings  and  the  like  which 
are  embedded  in  the  eyeball.  What  are 
known  as  electric  magnets  are  used  for 
this  work,  that  is,  magnets  which  are 
wound  with  wire,  through  which  an 
electric  current  is  passed.  Such  mag- 
nets are  much  more  powerful  than  the 
ordinary  permanent  magnet  and  may  be 
designed  to  give  almost  any  pull  desired. 

The   accompanying  illustration   shows 


a  new  form  oi  eve  magnet  invented  In 
Harold  Thomassen  of  Dayton,  O.  The 
magnet  is  made  with  a  U-shaped  core. 
the  points  o\  which  converge  until  they 
arc  very  close  together,  enabling  the  in- 
strument to  be  brought  to  bear  on  the 
injured  surface  immediately  over  the 
particle  to  be  extracted. 
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MAGNLT    OPERATED     TRACK    SWITCH. 

The  device  illustrated  herewith  pro- 
vides means  by  which  the  switch  on  an 
electric  car  line  may  be  thrown  without 
the  motorman  having  to  leave  his  sta- 
tion on,  the  platform  or  reaching  out 
through  the  window  with  a  switch  bar, 
as  is  ordinarily  the  case.    It  is  the  inven- 


back.  This  member  is  pivoted  at  (G). 
Suppose  a  car  passes  over  the  bar  and 
the  magnet  is  energized  resulting  in  the 
shaft  being  thrown  toward  the  right, 
then  (F)  is  moved  forward  and  the 
notch  (H)  engages  the  bearing  (C)  and 
turns  the  cam  upon  its  pivot  (E).  As 
the  cam  turns  on  the  pivot  the  bar  lead- 
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Casting 
fig.  1.    magnet  bar  and  shaft  for  operating  track  switch. 


tion  of  W.  C.  Dunn  of  Logansport,  Ind. 
It  is  operated  by  a  powerful  electromag- 
net situated  under  the  car  body  near  the 
track  surface,  the  magnet  being  ener- 
gized by  current  turned  into  it  by  the 
motorman  when  he  wishes  to  throw  the 
switch. 

Beneath   the   track   at   a   point   some- 
what in  advance  of  the  switch  point  is 
a  vertical  section  of  which  is 


FIG.  2.     CAM    FOR    OPERATING     TRACK 
SWITCH. 

shown  in  Fig.  i.  In  this  casing  is  a  shaft 
which  moves  longitudinally.  Attached 
to  this  shaft  is  a  lug  to  which  a  longi- 
tudinal steel  bar  is  fastened  by  a  toggle 
joint  as  shown.  When  the  magnet  un- 
der the  car  passes  over  the  bar  the  lat- 
ter is  drawn  up.  if  the  magnet  be  ener- 
gized, and  the  shaft  thereby  pulled  over 
toward  the  right  to  operate  the  switch 
cam  shown  in  Fig.  2.  A  coil  spring 
shown  in  Fig.  I  normally  holds  the  shaft 
to  the  left  extremity  of  its  throw. 

Upon  examination  of  Fig.  2  it  will  be 
seen  that  the  shaft  operates  to  move  the 
triangular    member     (F)    forward     and 


ing  to  the  switch  point  is  pushed  for- 
ward and  the  switch  is  thrown.  As  the 
cam  turns  (H)  and  (C)  are  carried 
downward,  (F)  turning  on  the  pivot 
(G),  so  that  (I)  does  not  engage '(D). 
When  the  car  has  passed,  the  shaft,  and 
consequently  the  triangular  member  (F), 
return  to  their  normal  position. 

When  another  car  arrives  at  the 
switch,  if  it  is  desired  to  follow  the 
course  of  the  first  car  the  magnet  is  not 
energized  as  the  cam  remained  sta- 
tionary after  the  first  operation.  If,  how- 
ever, it  is  desired  to  follow  the  other 
track  the  magnet  is  again  energized  and 
the  shaft  moves  to  the  right  as  before, 
but  this  time  the  cam  is  in  a  position, 
from  its  previous  movement,  such  that 
(I)  engages  (D)  and  the  cam  is  thrown 
back  into  its  first  position  and  conse- 
quently the  switch  is  moved  to  its  origin- 
al position. 


ELECTRICITY  BEATS  EGGS. 

Electricity  having  been  used  for  al- 
most every  purpose  under  the  sun,  now 
it  has  recently  been  harnessed  up  by  a 
Jersey  City  man  to  beat  eggs. 

In  any  hotel  or  bakery  where  eggs  arc 
used  in  large  quantities  and  where  they 
require  beating,  as  for  a  cake,  this  elec- 
tric beater  will  be  a  welcome  addition. 
It  not  only  saves  much  hard  work — for 
beating  eges  is  no  child's  play — but  it 
does  the  job  better  and  more  expeditious- 
ly than  it  can  be  done     by    hand. 
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THE  THEORIZER'S  CORNER. 

Many  of  us  have  a  pet  theory  that  we  are  aching  to  give  to  the  world  at  large. 
There  are  others  who  feel  it  their  duty  to  run  down  and  "explode"  such  theories 
wherever  possible.  This  corner  in  Popular  Electricity  is  set  aside  for  the  theorizer  and 
the  "exploder,"  so  that  they  may  meet  on  common  ground,  and  we  await  with  interest 
the  "'fire  works"  to  follow.  The  department  will  be  devoted  to  theories  concerning 
electricity  and  allied  sciences. — Editor. 


THEORY  OF  VIBRATORY   ENERGY. 

After  reading  the  theories  advanced  by 
R.  S.  in  the  July  issue,  I  decided  to 
give  someone  a  chance  to  explode  a  the- 
ory I  have;  not  just  about  lightning  and 
thunder,  but  the  universe  as  a  whole. 

I  believe  the  sun  to  be  a  mass  of  active 
material,  such  as  radium  is  supposed  to 
be.  It  is  constantly  sending  out  power 
in  the  form  of  vibrations.  These  vibra- 
tions are  what  we  call  static  electricity. 
The  vibrations  are  radiating  in  all  direc- 
tions. Some  of  them  pass  through  the 
earth,  more  than  would  pass  through 
an    equal    volume   of    air   alone.       This 


—       Sun      ) 


The  reason  lightning  occurs  mostly  in 
the  summer  is  apparent :  There  is  light- 
ning whenever  the  surface  of  the  clouds 
are  at  right  angles  to  the  lines  of  force. 
It  is  also  summer  when  the  clouds  are  at 
right  angles  to  the  lines  of  force  ( parallel 
to  the  surface  of  the  earth). 

The  "ether"  is  a  conductor  of  vibra- 
tions ;  all  kinds,  heat,  light,  sound,  elec- 
tricity, etc.  There  are  vibrations  so  slow 
we  cannot  hear  them.  There  are  also 
vibrations  so  fast  we  cannot  see  them. 
Some  day  mechanism  will  be  made  to 
utilize  each  and  every  one  of  these  vibra- 
tions directlv  from  the  sun,  as  the  elec- 


Earth 
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causes   a   concentrating   of   the   lines   of 
force,  as  shown  in  the  cut. 

Suppose,  now,  a  cloud  comes  between 
the  sun  and  the  earth.  The  molecules 
of  water  that  form  that  cloud  retain  a 
certain  amount  of  the  force  coming  to- 
ward the  earth.  This  static  charge  holds 
the  molecules  of  vapor  apart  (like 
charges  repel  each  other)  until  the  po- 
tential becomes  high  enough  to  jump  the 
gap  to  the  earth.  Then  the  complete 
charge  comes  as  a  current,  because  the 
resistance  of  the  air  is  broken  down,  The 
vapor  no  longer  is  repellant,  so  con- 
denses as  rain  and  falls.  Thunder  is  the 
logical  result  of  rupturing  the  dielectric 
(air). 


trical  appliances  now   use  the  vibrations 
known  as  electricity. 

One  line  of  force  may  have  several 
different  rates  of  vibration,  depending 
upon  the  medium  through  which  it  goes. 
Thus,  iron  so  changes  the  rate  of  vibra- 
tion K^i  the  sinks  rays  that  we  feel  it  as 
heat.  Most  physical  substances  do  the 
same.  A  burning  glass  does  not  change 
the  light  rays  to  heat  as  much  as  iron, 
but  allows  the  light  rays  to  go  through, 
collecting  them  at  one  point,  and  it  they 
are  thrown  on  some  substance  which  has 
the  property  oi  changing  the  rate  of  vi- 
bration to  that  known  .is  heal,  then 
their  concentration  produces  ex 
heat  in  a  small  location. 
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Ice  probably  has  the  least  of  the  prop- 
erty of  changing  light  to  heat  rays,  pro- 
viding it  is  good  and  clear.  The  reason 
some  substances  appear  to  be  transparent 
is  because  they  do  not  change  the  rate  of 
vibration,  hence  the  light  rays  come 
through ;  other  substances  change  the  vi- 
bration, so  are  opaque. 

What  we  call  ruby  glass  changes  the 
rate  of  vibration  slightly,  but  not  enough 
to  stop  them  all,  so  only  the  color  is 
changed.  If  you  look  at  the  side  of  a 
ruby  glass  from  which  the  light  is  pass- 
ing, i.  e.,  along  the  direction  of  the  lines 
of  force,  the  ruby  glass  appears  nearly 
black,  showing  that  nearly  all  of  the 
rays  pass  in  a  different  direction  than  to- 
ward the  observer  (few  are  reflected). 
Many  other  causes  and  effects  will  be 
apparent  to  anyone  taking  the  time  to  in- 
quire into  the  subject.  E.  K. 


AS  TO   THE   CAUSE   OF   THUNDER    AND 
LIGHTNING. 

Just  a  word  as  to  R.  S'/s  theory  about 
the  cause  of  thunder  and  lightning, 
which  appeared  in  the  July  issue  of  this 
magazine.  R.  S.  says  that  "where  the 
atmosphere  ends  the  ether  must  begin." 
That  implies  that  there  is  no  ether  except 
outside  the  atmosphere.  But  this  is  not 
so,  for  how,  then,  does  light,  which  is 
nothing  but  a  wave  motion  of  the  ether, 
come  to  us  from  the  sun  through  the  at- 
mosphere? And  how  does  R.  S.  account 
for  wireless  telegraphy,- if  it  be  true  there 
is  no  ether  where  there  is  atmosphere? 

Ether,  according  to  the  most  widely 
accepted  theory,  penetrates  everything. 
It  is  stationary  in  one  sense,  as  R.  S. 
states,  but  never  before  have  I  heard  of 
anything  producing  a  friction  by  "rub- 
bing against''  the  ether.  Nothing  can 
rub  against  the  ether,  for  it  intermingles 
with  all  matter.  When  we  move  we 
push  the  air  aside,  but  the  ether  passes 
right  through  us  like  water  through  a 
sieve. 

Again,  the  theorizer  says  that  a  "vacu- 
um is  left  between  the  atmosphere  and 
the  ether."  There  is  no  vacuum  with- 
out ether.  This  is  proved  by  the  fact 
that  light  passes  through  a  vacuum, 
which  could  not  be  so  if  the  vacuum 
were  void  of  ether,  since  light  is  a  wave- 
motion   of   the   ether.      If   R.    S.    reallv 


holds  that  there  is  no  ether  except  out- 
side atmosphere,  then  he  must  change 
the  theory  as  to  light,  and  accordingly 
heat,  and  so  on,  until  we  have  a  new  set 
of  theories  in  existence.  But.  since  our 
present  theories  hold  together  so  well, 
why  should  we  change  them  when  one 
man  thinks  that  thunder  and  lightning 
are  caused  by  the  friction  of  the  atmos- 
phere with  the  ether?  H.  L.  C. 


In  the  July  issue  of  Popular  Elec- 
tricity I  read  the  theory,  "Cause  of 
thunder  and  lightning,"  and  being  inter- 
ested also  in  the  "fireworks  to  follow" 
I  humbly  offer  this  contradiction  of 
mine. 

First,  we  knowT  that  as  the  atmosphere 
contracts  and  expands  with  variation  of 
temperature,  the  said  friction  would  be 
perpetual.  Therefore  it  seems  evident 
that  we  should  always  have  thunder  and 
lightning. 

Second,  if  the  atmosphere  contracts, 
why  should  it  leave  a  vacuum  ?  It  would 
not  contract  instaneously,  therefore 
would  not  the  ether  and  atmosphere  act 
together  sychronously.  according  to  the 
expansion  and  contraction  of  the  atmos- 
phere, thus  leaving  no  vacuum  what- 
ever? If  this  is  not  true  I  await  the 
criticism  of  the  author.  E.  H.  L. 


While  at  first  sight  interesting,  R.  S.'s 
theory  as  to  the  cause  of  thunder  and 
lightning  cannot  be  based  on  very  deep 
thinking.  In  the  first  place,  he  would 
have  it  that  these  two  phenomenon  are 
entirely  independent  of  each  other,  the 
one  being  caused  by  atmospheric  changes 
and  the  other  by  the  rubbing  of  the 
ether  against  the  atmosphere.  This  is, 
of  course,  obviously  untrue,  a  clap  of 
thunder  almost  invariably  following  a 
flash  of  lightning,  as  is  proved  by  obser- 
vation. 

Secondly,  according  to  tnis  theory, 
thunder  and  lighting  originate  at  the 
outer  boundary  of  the  atmosphere,  where 
the  ether  begins.  This  is  absolutely  er- 
roneous, since  it  is  positively  known 
that  the  source  of  thunder  and  lightning 
is  the  clouds,  which  are  far  below  the 
outer  edge  of  the  atmosphere. 

H.  W.   G. 
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SHORJ  CIRCUITS 


"Have  ye  army  ancisters,  Mrs.  Kelly,"  asked 
Mrs.    O'Brien. 

"An'  phwat's- ancisters?" 

"Why,   people  you  shprung  from." 

"Listen  to  me,  Mrs.  O'Brien,"  said  Mrs.  Kelly 
impressively,  "I  come  from  the  rale  sthock  av 
Donahues  thot  shpring  from  nobody.  They 
shpring  at   thim!" 

*  *     * 

"What  is  your  name?"  asked  a  teacher  of  a 
boy. 

"My  name  is  Jule,"  was  the  reply;  where- 
upon the  teacher  impressively  said,  "You  should 
have  said  Julius,  sir.  And  now,  my  lad,"  turn- 
ing to  another  boy,  "what  is  your  name?"  "Bil- 
lious,  sir,"  said  the  boy,  trembling. 

*  *     * 
"Is  this  section  prosperous?" 

"You  bet  it  is,"  answered  the  Oklahoma  farm- 
er. "I  kin  spread  a  net  any  time  and  snake  a 
grand  piano  out  of  a  cyclone." 

*  *     * 

Our  page  of  electrical  definitions  suggests  the 
"Electric  Courtship"  to  one  of  our  readers, 
which  is  as  follows:  Two  young  things — twi- 
light— strolling  through  field  (of  force) — resist- 
ance— positive  declaration — insul(a)ted — negative 
reply — slapped  (battery) — great  induction — 
magnetism — closed  circuit — heavy  current  (al- 
ternating)— w(h)att  hour — 1  o'clock  a.  m. — Let's 
go  ohm  (home),  Charlie. 

*  *     * 

"Pa,  what  is  a  political  leader?" 

"A  man  who  is  able  to  see  which  way  the 
crowd  is  going  and  following  with  loud  whoops 
in    that  direction." 

*  *     * 

"Did  you  hear  about  Isaac?" 

"Vy,  vot  happened  to  him?" 

"He  had  his  appendix  taken  away  last  Sat- 
urday." 

"Vot  a  fool;  vy  didn't  he  have  it  in  his  wife's 
name?" 

••K        *        * 

The  wireless  operator  on  one  of  our  coasl  lin- 
ers, explaining  the  working  of  the  apparatus 
to  some  of  the  passengers,  told  them  that  the 
transformer  was  made  up  of  75  miles  of  wire. 
Shortly  afterward  an  old  lady,  who  had  been  an 

interested     listener     to    his    diseourso,     wanted    to 

know  with  whom  he  was  talking.  He  replied: 
"With    the    steamship    City    of  .    25    miles 

away."  "Goodness!  exclaimed  the  old  lady, 
••how  can  they  call  this  wireless  telegraphy  it'  it 

takes    75    miles   of    wire    to    talk    25    miles?"      The 

operator  was  too  busy  to  answer. 

*  *     * 

They    had    just    installed    Lights    in    the   homo   of 

a  farmer.     The  tirst   night  the  belt  at  the  power 

plant   slipped  a   groat   deal   and    the   lights  did   not 

burn  regularly.  Nexl  morning  the  farmer  call- 
ed   up   the   power   house  and   asked    (or   a    man    to 

come  out  to  his  house  at  once.  When  the  elec- 
trician arrived  he  round  the  farmer  sitting  on  b 
ladder    trying    to   take   out    a    few    turns  in    the 

wire.       "Well,     what     is    ihe    matter?"     the    oloo- 


trician    asked.      The    farmer    answered:     "Why. 
you   blame  fool,   I  thought  you   had  more    sense 
than   to   put  the  wire   up   this  way.     Why,   last 
night    the    electricity    just    come    around    t       - 
curves  in  jerks." 

*  *     * 

Agent's  Clerk — "How  shall  I  word  this  ad- 
vertisement of  a  house  to  rent?  You  can  reach 
the  station  from  it  in  a  quarter  of  an  hour  if 
you  run  for  ten   minutes  of  the  way." 

Agent— "Advertise  it  as  five  minutes'  walk 
from   the  station." 

Pat — "What  was  that  Chicago  convention  I 
hear  so   much  about?" 

Dan — "Well,  it  was  something  to  prevent  six- 
Presidents   coming  in  when  only  one  goes   out." 

*  *     * 

Pat  had  just  arrived  from  Ireland  and  had 
obtained  a  job  as  hod  carrier.  He  forthwith 
wrote  home  to  his  brother  Mike  as  follows: 
Dear  Mike — Come  on  the  next  ship.  I  have  got 
an  easy  job.  All  you  have  to  do  is  to  carry 
brick  up  a  ten-story  building  and  the  men  up 
there  do  the  work.     Hurry! 

*  *     * 

Of  all   sad  words 
Of    tongue    and    pen, 
The   saddest   are   these — 
"I'm    stung  again." 

*  *     * 

In  a  Glasgow  car  was  an  aged  Irishman  who 
held  a  pipe  in  his  mouth.  The  conductor  told 
him  he  could  not  smoke,  but  he  paid  no  heed. 
Presently  the  guard  came  into  the  ear.  and 
said    with    a    show    of    irritation.    "Didn't    1    tell 

"Well 
pipe     in 


you  you  could  not  smoke  in  this  oar?' 
O'im  not  smoking."  "You've  got  a 
your   mouth." 

"So    Oi    have    me    feet    in    me    boots,' 
Pat,    "but   O'im   not    walking." 


•eplied 


.\hs.    Boorman   Wells,   the   noted   English  suf- 
fragette,   was    describing    at    a    dinner    u     \ 
York    a    very    disorderly    suffragette    meeting. 

"The    noise."    she    said,    "can    only    be    ' 
to    the    hubbub    that    I    once    heard    coming 
the  nursery  of  a   friend  with  whom  1  was  tak- 
ing  tea. 

"Terrified   by    this    infernal   turmoil.    m> 
and    1    hurst    into    the    nursery,    breathless.      The 
children,    in   a    close   group   bj    the   window,    the 
baby   in   the   middle,   looked   up  calmly. 

"  'What    on   earth  are   you   Ao\-  g 
demanded. 

"  'We've     found.'     said     the    oldest     DOJ 
grandma's    teeth,    and    we're    filing    them    down 
and   titling  them  on  the  baby.'"     Evening   Wis 
cor.sin. 


Wine 


Be  sui 


to  advertise   tor  Pido   in   the 
morning    newspapers." 

Next     day     the     wife     read    as     follows 

newspapers: 
"Lost     A  mangy  lapdog,  with  nd  no 

tail       Too    tat    to   walk.      Answers   to 

Pido      it'  returned  stuffed,  largi 
ndelphia    Inquirer, 


ELECTRICAL  DEFINITIONS. 


Alternating  Current. — That  form  of 
electric  current  the  direction  of  flow  of 
which  reverses  a  given  number  of  times 
per  second. 

Ampere. — Unit  of  current.  It  is 
the  quantity  of  electricity  which  will 
flow  through  a  resistance  of  one  ohm 
Glider  a  potential  of  one  volt. 

Anode. — The  positive  terminal  in  a 
broken  metallic  circuit ;  the  terminal 
connected  to  the  carbon  plate  of  a  bat- 
tery. 

Armature. — That  part  of  a  dynamo 
or  motor  which  carries  the  wires  that 
are  rotated  in  the  magnetic  field. 

Circuit. — Conducting  path  for  electric 
current. 

Circuit-breaker. — Apparatus  for  auto- 
matically opening  a  circuit. 

Commutator. — A  device  for  chang- 
ing the  direction  of  electric  currents. 

Condenser. — Apparatus  for  storing  up 
electrostatic  charges. 

Direct  Current. — Current  flowing  con- 
tinuously in  one  direction. 

Efficiency. — Relation  of  work  done  by 
a  machine  to  energy  absorbed. 

Electrode. — Terminal  of  an  open 
electric  circuit. 

Electrolysis. — Separation  of  a  chemi- 
cal compound  into  its  elements  by  the  ac- 
tion of  the  electric  current. 

Electromagnet. — A  mass  of  iron  which 
is  magnetized  by  passage  of  current 
through  a  coil  of  wire  wound  around  the 
mass  but  insulated  therefrom. 

Field  of  Force. — The  space  in  the 
neighborhood  of  an  attracting  or  repell- 
ing mass  or  system. 

Fuse. — A  short  piece  of  conducting 
mate-rial  of  low  melting  point  which  is 
inserted  in  a  circuit  and  which  will  melt 
and  open  the  circuit  when  the  current 
reaches  a  certain  value. 

Galvanometer. — Instrument  for  meas- 
uring current  strength. 

Inductance. — The  property  of  an  elec- 
tric circuit  by  virtue  of  which  lines  of 
force  are  developed  around  it. 

Insulator. — Any  substance  impervious 
to  the  passage  of  electricity. 

Kilowatt. — 1,000  watts.      (See  watt.) 

Kilowatt-hour. — One  thousand  watt 
hours. 


Leyden  Jar. — Form  of  static  condenser 
which  will  store  up   static  electricity. 

Motor-generator. — Combined  motor 
and  generator  for  changing  alternating 
to  direct  current  or  vice  versa. 

Multiple. — Term  expressing  the  con- 
nection of  several  pieces  of  electric  ap- 
paratus in  parallel  with  each  other. 

Ohm. — The  unit  of  resistance.  It  is 
arbitrarily  taken  as  the -resistance  of  a 
column  of  mercury  one  square  milli- 
meter in  cross  sectional  area  and  106 
centimeters  in  length. 

Poles. — Terminals  of  an  open  electric 
circuit. 

Potential. — Voltage. 

Relay. — Instrument  for  opening  or 
closing  a  local  circuit,  which  is  oper- 
ated by  impulses  from  the  main  circuit. 

Resistance. — The  quality  of  an  elec- 
trical conductor  by  virtue  of  which  it 
opposes  the  passage  of  an  electric  cur- 
rent. The  unit  of  resistance  is  the 
ohm. 

Series. — Arranged  in  succession,  as 
opposed  to  parallel  or  multiple  arrange- 
ment. 

Shunt. — A  by-path  in  a  circuit  which 
is  in  parallel  with  the  main  circuit. 

Solenoid. — An  electrical  conductor 
wound  in  a  spiral  and  forming  a  tube. 

Spark-gap. — Space  between  the  two 
ends  of  an   electrical   resonator. 

Switch. — Device  for  opening  and 
closing  an  electric  circuit. 

Transformer. — A  device  for  stepping- 
up  or  stepping-down  alternating  current 
from  low  to  high  or  high  to  low  voltage, 
respectively. 

Volt. — Unit  of  electromotive  force  or 
potential.  It  is  the  electromotive  force 
which,  if  steadily  applied  to  a  conductor 
whose  resistance  is  one  ohm,  will  pro- 
duce a  current  of  one  ampere. 

Voltage. — Potential  difference  or  elec- 
tromotive force. 

Watt. — Unit  representing  the  rate  of 
work  of  electrical  energy.  It  is  the  rate 
of  work  of  one  ampere  flowing  under  a 
potential  of  one  volt.  Seven  hundred 
and  forty-six  watts  represent  one  elec- 
trical horse  power. 

Watt-hour. — Electrical  unit  of  work. 
Represents  work  done  by  one  watt  ex- 
pended for  one  hour. 
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ELEMENTARY  ELECTRICITY. 

BY  EDWIN  J.  HOUSTON,  PH.  D.     (PRINCETON.) 
CHAPTER  VI. THERMAL  OR  HEATING    EFFECTS   OF  ELECTRIC  DISCHARGES. 


One  of  the  most  important  generaliza- 
tions ever  made  in  physical  science  is  the 
doctrine  of  the  conservation  of  energy, 
or,  as  it  is  sometimes  called,  the  doctrine 
of  the  indestructibility  of  energy.  Brief- 
ly stated,  this  doctrine  is  to  the  effect  that 
the  total  quantity  of  the  energy  in  the 
universe  is  unalterable,  so  that  when  en- 
ergy disappears  in  one  form,  it  must  ap- 
pear in  another  form. 

By  energy  is  meant  the  power  of  do- 
ing work.  Work  is  done  by  the  action  of 
various  natural  forces  acting  on  matter. 
The  amount  of  work  done  can  be  meas- 
ured by  the  force  that  does  the  work 
multiplied  by  the  distance  through  which 
it  acts.  For  example,  the  work  done 
when  a  weight  of  one  pound  is  raised 
through  a  vertical  distance  of  one  foot  is 
equal  to  a  force  of  one  pound  multiplied 
by  a  distance  of  one  vertical  foot  through 
which  the  force  acts  or  is  equal  to  one 
foot-pound. 

In  a  similar  manner,  in  order  to  raise 
a  weight  of  100  pounds  through  the  ver- 
tical distance  of  one  foot  an  expenditure 
of  ioo  foot-pounds  of  work  is  necessary. 

In  accordance  with  the  doctrine  of  the 
conservation  of  energy,  since  the  total 
amount  of  energy  in  the  universe  can 
neither  be  increased  or  decreased,  the 
energy  or  the  power  of  doing  work  that 
is  expended  in  any  case  is  drawn  from 
the  constant  stock  of  energy  already  ex- 
isting in  the  universe.  When  100 
pounds  were  raised  through  the  vertical 
distance  of  one  foot,  an  amount  of  ener- 


gy equal  to  ioo  foot-pounds  was  expend- 
ed. The  total  store  of  the  energy  of  the 
universe  has  not  in  this  case,  nor  in  any 
of  the  phenomena  that  are  constantly  go- 
ing on  around  us,  been  either  decreased 
or  increased.  The  energy  has  been  trans- 
ferred from  one  place  to  another,  or  from 
one  form  to  another  form  of  energy. 

But  when  the  ioo  pound  weight  was 
raised  through  a  vertical  distance  of  one 
foot,  it  seems  as  if  an  amount  of  energy 
equal  to  ioo  foot-pounds  has  disap- 
peared. The  question  that,  therefore, 
arises  is  what  has  become  of  the  one 
foot-pound,  or  the  ioo  foot-pounds,  of 
energy  thus  expended  ? 

Suppose,  when  the  weight  of  ioo 
pounds  has  been  raised  through  a  dis- 
tance of  one  foot,  say  by  means  of  a  cord 
or  rope  passing  over  a  pulley,  that  the 
ioo  pound  weight  is  supported  at  a  dis- 
tance of  one  foot  above  the  surface  of 
the  earth.  Let  us  suppose  in  this  case 
that  the  work  was  done  by  the  muscular 
energy  of  the  arm  of  a  man.  As  tar  as 
this  man  is  concerned,  an  amount  of  en- 
ergy capable  of  doing  ioo  foot-pounds 
of  work  has  been  expended.  The  man 
no  longer  possesses  this  energy.  Appar- 
ently it  lias  been  blotted  out  of  existence. 
But  this  annihilation  is  apparent,  not 
real.  It  is  as  impossible  to  annihilate  en- 
ergy as  it  is  to  create  it. 

Energy   is   capable  of  existing  in   two 
different    conditions;    namely,   as    khu 
or   working  energy    and   as   potential   or 
stored  energy.    While  the  muscular  force 


330 


POPULAR    ELECTRICITY 


of  the  man  is  being-  expended  in  actually 
doing-  work,  or  raising-  the  ioo  pound 
weight,  it  is  in  a  condition  called  kinetic 
energy.  When  the  weight  is  held  in  po- 
sition at  a  distance  of  one  foot  above  the 
earth,  it  is  producing  a  stress  or  pull  on 
the  rope  and  is  in  the  condition  of  what 
may  be  called  stored  or  potential  energy, 
or  energy  that  possesses  the  potency  or 
the  power  of  doing  work.  If  the  rope  or 
cord  is  suddenly  cut  or  loosed,  the  weight 
will  descend  and  during  this  descent  will 
do  an  amount  of  kinetic  energy  or  actual 
work  equal  precisely  to  the  ioo  pounds  of 
work  that  were  expended  in  raising  it  to 
a  distance  of  ioo  feet  from  the  ground. 

The  same  thing  is  true  of  all  physical 
phenomena.  Take,  for  example,  a  lump 
of  coal  weighing  ioo  pounds.  If  this 
amount  of  coal  is  raised  vertically 
through  the  distance  of  one  foot,  a  hun- 
dred foot-pounds  of  work  will  have  been 
stored  in  it  as  potential  energy ;  this 
amount  of  energy,  and  no  more,  will  be 
given  out  if  the  coal  is  permitted  to  fall. 

But  the  atoms  of  carbon  of  which  the 
lump  of  coal  is  composed  have  also  been 
raised  or  separated  from  the  atoms  of 
oxygen  with  which  they  were  originally 
combined,  when  they  existed  as  carbonic 
acid  gas  in  the  atmosphere  of  the  car- 
boniferous ag-e,  the  geological  time  when 
the  coal  was  produced.  A  certain  store 
of  energy,  drawn  from  the  sun,  has  been 
expended  in  separating  the  atoms  of  car- 
bon from  the  atoms  of  oxygen.  A  cer- 
tain amount  of  potential  energy  has  been 
stored  in  the  carbon  atoms,  and  when 
they  are  again  permitted  to  fall  towards 
the  oxygen  atoms,  so  as  to  unite  with 
them,  as  they  are  when  the  coal  is 
burned,  the  potential  energy  stored  in  the 
separated  atoms  again  becomes  kinetic. 
In  a  similar  manner  all  the  chemical  ele- 
ments possess  a  store  of  chemical  poten- 
tial energy  differing  in  amount  in  a  given 
weight,  say  one  pound,  of  the  different 
chemical  elements,  but  always  the  same 
in  the  same  element. 

It  is  the  chemical  potential  energy  that 
is  stored  up  in  the  elements  forming  our 
food  that  become  liberated  when  the  food 
is  consumed,  and  forms  the  source  of  the 
store  or  stock  of  muscular  force  that  a 
man  or  any  other  animal  is  capable  of 
exerting. 

As  will  be  seen  the  doctrine  of  the  con- 


servation of  energy  is  necessarily  con- 
nected with  another  equally  important 
doctrine  known  as  the  correlation  of  en- 
ergy. Energy  is  indestructible.  It  is  ca- 
pable of  existing  in  many  different 
forms,  such  as  sound,  heat,  light,  elec- 
tricity, magnetism,  mechanical  force,  etc. 
It  disappears  in  any  one  form  only  to  re- 
appear in  another  form.  When  coal  or 
any  other  combustible  material  is  burned 
in  air,  its  chemical  potential  energy,  or  its 
power  of  combining  with  oxygen,  disap- 
pears and  reappears  in  a  kinetic  form  as 
heat  or  thermal  energy. 

The  quantity  of  heat  produced  by  the 
combustion  of  a  certain  quantity  of  coal 
in  air  is  therefore  fixed  and  definite.  The 
amount  of  chemical  potential  energy  lib- 
erated when  a  given  quantity  of  coal  is 
burned  in  air,  is  exactly  equal  to  the 
amount  of  energy  expended  by  the  sun  in 
decomposing  the  carbonic  acid  gas  in  the 
earth's  geological  atmosphere,  or  in  rais- 
ing a  given  quantity  of  carbon  atoms 
above  the  oxygen  atoms.  When  these 
atoms  again  fall  together,  or  when  the 
coal  is  burned  in  the  air,  exactly  this 
amount  of  chemical  potential  energy 
again  becomes  kinetic. 

If  the  heat  produced  by  the  combustion 
of  coal  takes  place  under  the  boiler  of  a 
steam  engine,  and  mechanical  work  is 
done  by  the  engine  through  any  suitable 
machine,  it  will  be  found  that  a  definite 
quantitative  relation  exists  between  the 
amount  of  heat  expended  by  the  engine 
and  the  amount  of  mechanical  work  done 
by  the  machine  the  engine  is  driving. 

Heat  may  be  produced  by  the  burning 
of  metallic  zinc  in  air,  and  the  heat  so 
produced  employed  for  doing  mechani- 
cal work.  Or  the  chemical  potential  en- 
ergy of  the  zinc  may  be  employed  as  in 
the  voltaic  cell  for  the  production  of  elec- 
tric energy.  Here  the  amount  of  elec- 
tric energy  produced  bears  a  definite 
quantitative  relation  to  the  amount  of 
chemical  potential  energy  stored  in  the 
zinc. 

If  heat  produced  in  any  manner  is  per- 
mitted to  fall  on  the  face  of  an  electro- 
receptive  device,  known  as  the  thermo- 
electric pile,  such  as  shown  in  Fig.  42 
("  Electricity  and  Magnetism,"  Guille- 
min),  heat  energy  is  converted  into  elec- 
tric energy.  The  electricity  so  produced 
may  be  converted  partially  into  magne- 
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tism  and  so  deflect  the  needle  of  a  gal- 
vanometer placed  in  the  circuit  of  the 
thermo-pile  at  the  right  hand  of  the  fig- 
ure or  it  may  be  caused  to  produce  any 


machine.  Even  if  the  dynamo  were  per- 
fect in  its  action  and  no  loss  occurred  by 
friction  against  its  bearings  by  air  churn- 
ings  or  in  many  other  ways,  the  amount 


FIG.    42.     THERMO-ELECTRIC    PILE. 


other  electric  effects.  In  either  case, 
there  will  be  found  a  definite  quantitative 
relation  existing  between  the  heat  energy 
expended  when  the  heat  falls  on  the  face 
of  the  pile,  or  in  the  magnetic  energy 
produced  in  the  field  of  the  conductor  on 
the  passage  of  electricity  through  the 
coils  of  the  galvanometer. 

When  light  energy  is  permitted  to  fall 
on  the  face  of  a  device  known  as  a  se- 
lenium, or  photo-electric  cell,  shown  in 
Fig.  43  ("Electricity  in  Everyday  Life," 
Houston),  a  portion  of  the  luminous  en- 
ergy is  converted  into  electric  energy. 
Here  again  a  definite  relation  exists  be- 
tween the  amount  of  luminous  energy  ab- 
sorbed and  the  amount  of  energy  exist- 
ing in  the  electricity  produced.  During 
its  passage  through  an  arc  or  incandes- 
cent lamp,  electricity  may  produce  lumi- 
nous effects  accompanied  by  heat,  but  a 
definite  and  quantitative  relation  exists 
between  the  amount  of  energy  absorbed 
during  its  passage  through  the  lamp  and 
the  amount  of  luminous  energy  that  ap- 
pears in  the  light  produced. 

A  certain  amount  oi  mechanical  force 
is  expended  in  driving  a  dynamo-electric 


of  energy  produced  in  the  shape  of  elec- 
tric energy  would  always  bear  a  fixed 
and  quantitative  relation  to  the  amount 
of  electric  energy  existing  in  the  elec- 
tricity it  produces. 

It  is  practicallv  never  the  case  that  all 
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PIG.     1::.     SELENIUM    OR    PHOTO-ELECTRIC 
CELL. 

the  energy  in  one  form  is  convened  into 
energy  in  one  other  form.  Some  of  the 
energy  is  almost  invariably  converted 
into  heat.  that,  lost  by  radiation  or  con- 
duction, becomes  non-available  to 
The  luminous  energy  that  falls  on  the 
surface  of  the  thermo-electric  pile  is  not 
all  converted  into  electric  energy.  A 
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large  proportion  is  converted  into  heat 
and  dissipated  or  lost  by  radiation  or 
conduction.  Not  all  the  mechanical  en- 
ergy that  drives  a  dynamo  is  converted 
into  electrical  energy.  Much  is  lost  to 
the  circuit  as  heat  developed  by  friction, 
by  the  churning  or  air  currents,  by  the 
production  of  parasitic  or  Foucault  cur- 
rents produced  in  the  iron  cores  of  the 
armature  or  field  magnets. 

Not  all  the  electric  energy  that  passes 
through  an  arc  or  incandescent  lamp  is 
converted  into  luminous  energy.  By  far 
the  greater  proportion  is  converted  into 
heat,  and  is  therefore  lost  so  far  as  arti- 
ficial illumination  is  concerned.  And  the 
same  is  true  of  all  other  conversions  of 
energy  in  one  form  to  another. 

A  great  deal  of  the  mystery  that  ex- 
ists in  the  minds  of  many  concerning 
electricity  will  at  once  disappear  when  it 
is  understood  that,  like  all  other  natural 
forces,  electricity  is  only  one  of  the  many 
forms  in  which  energy  is  capable  of 
manifesting  itself.  Like  all  other  forms  of 
energy  electric  energy,  or  the  power  elec- 
tricity possesses  of  doing  work,  is  fixed 
and  determinate.  An  electric  source  is  able 
under  given  conditions  to  produce  a  cer- 
tain quantity  of  electricity  and  this  quan- 
tity only.  No  matter  what  may  be  its 
construction,  the  amount  of  electricity  a 
voltaic  cell  is  capable  of  producing  is 
limited  to  the  quantity  of  chemical  poten- 
tial energy  liberated  by  the  combustion 
of  its  zinc  in  the  acids  of  the  cell;  and 
here,  as  in  all  other  cases,  losses  occur  by 
which  a  fairly  considerable  portion  of  the 
energy  is  uselessly  expended  as  heat  and 
fails  to  appear  as  electric  energy  in  the 
circuit  of  the  cell. 

When  electricity  is  caused  to  flow  be- 
tween any  two  points  in  a  circuit  the 
amount  of  work  it  can  perform  is  equal 
to  the  amount  of  electricity  that  passes 
multiplied  by  what  is  called  the  differ- 
ence of  potential  through  which  the  elec- 
tricity falls  or  moves. 

When  work  is  done  on  a  quantity  of 
water  by  forcing  it  into  a  reservoir  at  a 
higher  level  than  that  from  which  the 
water  has  been  raised,  the  amount  of 
work  done  can  be  measured  in  foot- 
pounds by  the  quantity  of  water  in 
pounds  so  raised,  multiplied  by  the  dif- 
ference in  level  through  which  it  is 
raised  in  feet.    While  it  is  not  our  inten- 


tion to  suggest  that  electricity  is  a  fluid, 
yet  it  possesses  many  of  the  properties  of 
a  fluid,  so  that  the  amount  of  work  elec- 
tricity is  capable  of  doing  depends  on  the 
quantity  of  electricity  moved  as  well  as 
on  the  difference  of  the  electric  level  or 
potential  through  which  it  has  been 
raised. 

The  unit  of  quantity  of  a  water  cur- 
rent may  be  taken  as  a  cubic  foot  or  a 
cubic  inch.  In  electricity  the  practical 
unit  of  quantity  is  a  certain  quantity  of 
electricity  called  a  coulomb.  In  measur- 
ing this  quantity  of  electricity  reference 
must  be  had  to  certain  other  electrical 
units;  i.  e.,  the  ampere,  the  volt  and  the 
ohm. 

The  ampere  is  the  name  given  to  a 
practical  unit  of  electric  current  and  is 
such  a  rate  of  electric  flow  as  is  capable 
of  transmitting  a  quantity  of  electricity 
equal  to  one  coulomb  per  second.  A  cur- 
rent of  electricity  equal  to  one  ampere 
will  flow  through  a  circuit  whose  resist- 
ance is  one  ohm,  when  acted  on  by  an 
electromotive  force  or  pressure  of  one 
volt.  An  ampere  is  approximately  such 
a  current- of  electricity  that  is  capable  of 
depositing  1.118  milligrammes  of  silver 
per  second  from  a  specially  prepared  so- 
lution of  silver  nitrate. 

The  volt  or  practical  unit  of  electro- 
motive force  is  an  electromotive  force  or 
pressure  that  is  capable  of  causing  the 
flow  of  an  electric  current  of  one  ampere 
through  a  circuit  the  electric  resistance 
of  which  is  equal  to  one  ohm. 

The  ohm  is  the  practical  unit  of  elec- 
tric resistance.  It  is  the  resistance  that 
would  limit  the  flow  of  electricity  under 
an  electromotive  force  of  one  volt  to  a 
current  of  one  ampere  or  to  a  discharge 
of  one  coulomb  per  second.  It  is  equal 
to  the  resistance  of  a  column  of  pure 
mercury  one  square  millimetre  in  area  of 
cross  section  and  104.9  centimetres  in 
length. 

A  coulomb  is  the  practical  unit  of  elec- 
tric quantity.  It  is  the  quantity  of  elec- 
tricity that  would  pass  in  one  second 
through  a  circuit  carrying  a  current  of 
one  ampere. 

Electric  energy  can  be  measured  in 
terms  of  electric  power  or  rate  of  doing 
work.  A  careful  distinction  should  be 
made  between  work  or  the  product  of 
force  by  the  distance  through  which  the 
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force  acts,  and  power  or  rate  of  doing 
work.  As  we  have  already  seen,  the 
unit  of  work  is  called  the  foot-pound. 
The  unit  of  power  or  rate  of  doing  work, 
or,  as  it  is  sometimes  called,  the  unit  of 
activity  is  equal  to  the  foot-pound  per 
second,  or  foot-pound  second. 

The  amount  of  work  electricity  is  ca- 
pable of  doing  is  equal  to  the  quantity  of 
electricity  that  flows  multiplied  by  the 
difference  of  level  or  potential  through 
which  it  flows.  This  is  the  volt-coulomb 
or  joule.  The  amount  of  electric  activ- 
ity or  work  per  second  is  equal  to  the 
volt-ampere  or  the  watt. 

The  volt-ampere  or  watt  is  equal  to 
the  power  developed  when  44.25  foot- 
pounds of  work  are  done  per  minute,  or 
0.7375  foot-pounds  per  second. 

If  the  ampere  is  replaced  by  the  sym- 
bol C,  and  the  watt  by  the  symbol  E, 
then  C  multiplied  by  E,  or  CE  equals 
the  volt-ampere  or  the  watt. 

A  definite  quantity  of  energy  must  be 
expended  in  order  to  raise  the  tempera- 
ture of  a  pound  of  water  or  of  any  other 
kind  of  material  through  a  given  differ- 
ence of  temperature.  The  quantity  or 
amount  of  this  energy  is  capable  of  be- 
ing expressed  in  foot-pounds.  It  can  be 
shown  that  in  order  to  raise  the  tempera- 
ture of  one  pound  of  water  through  one 
degree  of  the  Fahrenheit  thermometer 
scale,  an  amount  of  work  must  be  done 
equal  to  778  foot-pounds  or  the  work  re- 
quired to  raise  778  pounds  through  the 
vertical  distance  of  one  foot. 

The  joule,  or  the  unit  of  electric  work, 
is  capable  of  being  expressed  in  foot- 
pounds, and  is  equal  to  0.738  foot- 
pounds, or  about  the  amount  of  work  re- 
quired to  raise  one  pound  through  a  ver- 
tical distance  of  nine  inches.  In  order, 
then,  to  raise  the  temperature  of  one 
pound  of  water  through  one  degree  Fah- 
renheit, requires  the  expenditure  of  .77S 
foot-pound  divided  by  0.738  or  1.055 
joules. 

Therefore,  when  an  electric  discharge 
passes  through  a  circuit,  and  heat  is  pro- 
duced, the  amount  of  heat  a  certain  quan- 
tity of  electricity  is  capable  of  produc- 
ing is  perfectly  definite.  To  raise  the 
temperature  of  one  pound  o\'  water 
through  one  degree  Fahrenheit,  requires 
either  the  expenditure  of  77S  foot- 
pounds, or  of  T.055  joules.     In  a  similar 


manner,  to  raise  the  temperature  of  one 
pound  of  copper  wire,  or  of  any  other 
metallic  wire  through  a  given  number 
of  degrees,  requires  the  expenditure  of 
a  definite  amount  of  electric  energy. 

Now,  when  an  electric  current  is 
passed  through  a  conductor  and  raises  its 
temperature  a  certain  number  of  degrees, 
if  this  temperature  is  to  be  maintained 
constant,  a  certain  constant  expenditure 
of  energy  is  necessary.  In  other  words, 
there  must  be  expended  a  certain  num- 
ber of  foot-pounds  per  second ;  i.  e., 
0.738  foot-pound  per  second  or  joules  per 
second,  or  watts. 

In   order  to   measure   the   amount  of 


FIG. 


ELECTRIC     CALORIMETER. 


heat  that  is  produced  in  any  conductor, 
or  in  any  piece  of  electrical  apparatus  in 
a  given  time,  a  device  known  as  an  elec- 
tric calorimeter  is  employed.  This  de- 
vice, as  represented  in  Fig.  44  (Hous- 
ton's Dictionary  of  Electrical  Words, 
Terms,  and  Phrases),  consists  of  a  ves- 
sel capable  of  holding  a  certain  quantity 
of  water,  say  one  pound,  and  provided 
with  a  thermometer  (T).  The  electric 
discharge  or  current  passes  through  a 
coil  of  wire  that  is  immersed  in  a  given 
quantity  of  water  and  the  amount  of  heat 
produced  is  determined  by  the  increase  in 
temperature.  The  amount  of  heat  pro- 
duced is  proportional  to  the  resistance  o\ 
the  conductor,  and  to  the  time  the  cur- 
rent is  passing.  When  the  resistance  of 
the  circuit  remains  the  same,  it  is  pro- 
portional to  the  square  of  the  current 
strength. 

The  passage  of  an  electric  discharge 
through  air  results  in  an  increase  in  the 
temperature  oi  the  air.  This  enn  be 
shown  by  means  of  an  apparatus  known 
as  Kinnersley's  electric  thermometer 
consisting  as  represented  in  Fig.  45 
(Guillemih),  of  a  vessel  consisting  of 
two  vertical  class  tubes  communicating 
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with  each  other,  and  filled  with  water. 
The  larger  tube  is  closed  at  the  top  and 
is  provided  with  two  smooth  metallic 
balls  separated  from  one  another  by  an 
air  space  as  shown.  The  smaller  tube 
is  open  at  the  top.  Under  ordinary  cir- 
cumstances the  level  of  the  liquid  is  the 
same  in  both  tubes,  but  on  the  passage 
of  an  electric  discharge  between  the 
balls,  the  air  is  expanded,  and,  exerting 
a  pressure  on  the  surface  of  the  liquid 
in  the  large  tube,  causes  it  to  mount 
higher  in  the  small  tube.  Sometimes  the 
amount  of  this  pressure  is  sufficiently 
great  to  throw  some  of  the  liquid  out  of 
the  small  tube. 

Another  way  in  which  the  increase  in 
temperature  of  the  air  caused  by  the 
passage  of  an  electric  discharge  can  be 
shown  is  the  device  known  as  the  electric 
mortar.     This   apparatus   is   represented 


FIG'.    45.     KINNERSLEY'S    ELECTRIC    THER- 
MOMETER. 

in  Fig.  46  (Guillemin).  On  the  passage 
of  an  electric  discharge  between  two 
polished  balls  placed  within  the  mortar, 
such  an  expansion  of  the  air  occurs  that 
a  violent  expulsion  of  the  ball  is  caused. 
This  may  be  increased  by  placing  a  few 
drops  of  ether  inside  the  cannon.  On 
the  passage  of  the  sparks  an  explosive 
mixture  of  ether  vapor  and  air  is  igniteri 
thus  greatly  increasing  the  force  with 
which  the  ball  is  thrown  out  of  the  mor- 
tar. 

While  the  amount  of  heat  produced  in 
any  circuit  by  the  passage  of  an  electric 
discharge  depends  on  the  amount  of  elec- 
tricity passing,  yet  the  difference  of  tem- 
perature which  a  given  amount  of  elec- 
trical activity  is  capable  of  producing  de- 
pends on  a  variety  of  circumstances  such 
as  the  dimensions  of  the  circuit,  the  ca- 


pacity of  the  circuit  for  heat  and  elec- 
tric resistance  of  the  material  of  the  cir- 
cuit per  unit  of  length. 

If  the  wire  or  conductor  through 
which  an  electric  discharge  is  passing  is 
sufficiently  thin  and  small,  the  wire  may 
be  raised  to  a  temperature  sufficiently 
high  to  become  luminous. 

The  conductor  may  even  be  sufficiently 


FIG'.    46.     THE  ELECTRIC  MORTAR. 

heated  to  volatilize  or  pass  off  as  vapor. 
Instances  of  this  are  seen  in  the  case  of 
arc  and  incandescent  electric  lamps.  Ad- 
vantage is  taken  of  the  ease  with  which 
a  metal  is  volatilized  by  an  electric  dis- 
charge for  the  production  of  what  is 
known   as   an   electric  silhouette,   when 


FIG.    47.     ELECTRIC    SILHOUETTE. 

heat  developed  by  the  discharge  of  ? 
number  of  Leyden  jars,  is  made  to  print, 
in  gold,  a  design  on  a  piece  of  silk.  The 
arrangement  is  as  follows :     A  sheet  of 


stiff    paper,    Fig. 
Everyday     Life," 


47     ("Electricity    in 
Houston),    provided 
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with  suitable  outlines  and  perforation, 
to  form,  say  a  portrait  of  Franklin,  i< 
placed  on  a  piece  of  white  silk.  A  sheet 
of  gold  leaf  is  then  placed  on  the  paper 
and  strips  of  tinfoil  (A  A')  and  (B  B'), 
are  placed  as  shown.  The  pieces  (A  A') 
are  folded  down  and  over  the  picture, 
and  then  the  whole  placed  in  a  press  and 
tightly  brought  together.  If  now  the 
terminals  of  a  Leyden  jar  or  battery  are 
placed  in  connection  with  the  projecting 
edges  of  (BB'),  the  passage  of  a  dis- 
charge through  the  gold  volatilizes  it, 
producing  through  the  perforations  of 
the  paper  a  dark  purplish  stain  of  me- 
tallic gold  on  the  surface  of  the  silk. 

But  besides  the  cases  above  men- 
tioned the  passage  of  an  electric  dis- 
charge instead  of  producing  such  high 
temperatures  that  the  conductors  be- 
come highly  luminous,  may  only  produce 
a  small  degree  of  heat,  as  in  various 
electric  heaters,  or  the  heating  effects 
are  limited  to  such  a  dull  incandescence 
as  readily  permits  metals  to  be  forged  or 
welded.  These  specific  devices,  however, 
will  be  afterwards  described. 
(To  be  continued.) 

UNIQUE  ELECTRIC  BUG  TRAP. 

An  electric  bug  trap  is  being  em- 
ployed by  the  Saxon  authorities  in  Ger- 
many to  fight  the  caterpillar  plague 
which  is  having  such  a  disastrous  effect 
on  the  forests. 

The  contrivance  consists  of  two  large 
and  powerful  arc  light  reflectors  placed 
over  a  deep  receptacle  provided  with 
powerful  exhaust  fans.  The  device  has 
been  erected  on  top  of  the  municipal  elec- 
tric plant.  At  night  two  great  streams  of 
light  are  thrown  from  the  reflectors  on 
the  wooded  mountain  sides  half  a  mile 
distant. 

The  results  have  been  astonishing. 
The  moths — which  lay  the  eggs  from 
which  the  caterpillars  come — drawn  by 
the  brilliancy  come  fluttering  jn  thou- 
sands along  the  broad  rays  of  light. 
When  they  get  within  a  certain  distance 
of  the  reflectors  the  exhaust  fans  take  up 
their  work,  and,  with  powerful  currents 
of  air,  swirl  the  bugs  down  into  the  re- 
ceptacle. 

On  the  first  night  three  Ions  of  moths 
were  caught.  It  has  been  decided  to 
build  another  trap  on  the  Rathaus  lower, 
and  the  fight  will  be  continued. 


TELEGRAPH  POLES  OF  STONE. 

In  Bolivia  between  the  city  of  La  Paz, 
the  capital,  and  the  town  of  Oruro,  the 
terminus  of  the  railway  connecting  it 
with  the  sea  port  of  Antofagasta,  there 
still  may  be  seen  the  remains  of  what 
was  probably  the  most  original  telegraph 
line  ever  erected,  says  the  London  Elec- 
trical Review. 

In  this  part  of  Bolivia  there  are  no 
growing  trees,  and  wood  is  so  difficult  to 
procure  that  even  the  ordinary  household 
furniture   of    the   natives     is   invariabh 


STONE   TELEGRAPH  POLE. 

made,  not  of  wood,  but  of  dried  mud. 

It  is,  therefore,  not  surprising  that 
when  the  war  broke  out  in  1889  between 
Chile  and  Bolivia,  and  the  need  for  a 
telegraph  line  between  the  two  places 
mentioned  became  urgent,  that,  as  all 
communication  with  any  sea  port  was 
cut  off,  this  material  was  used  to  con- 
struct pillars  to  take  the  place  of  ordi- 
nary posts  for  supporting  the  wire,  with 
the  addition  of  old  bottles  as  insulators. 

These  pillars  were  substantially  bui) 
on  stone  foundations,  and  measured 
about  five  feet  square  at  the  base,  with 
a  height  of  about  15  feet.  They  were 
placed  at  intervals  of  about  350.  and  thus 
held  the  wire  at  a  height  sufficient  to 
clear  the  only  animals  of  the  country,  the 
llama  and  the  donkey. 

The  total  length  of  the  line  was  t  ^c^ 
miles,  and  it  rendered  useful  service  for 
some  years  before  being  replaced. 


ELECTRICITY  IN  COAL  MINING. 

PART   1.— MINE   LOCOMOTIVES. 


As  coal  becomes  more  scarce,  and 
with  a  steadily  increasing  demand,  min- 
ing methods  must  be  constantly  im- 
proved in  order  to  meet  the  requirements 
of  profitable  production.  As  in  the  case 
of  a  multitude  of  other  industries,  elec- 
tricity has  come  to  the  aid  of  the  mine 
owner,  increasing  output  and  economy. 
The  days  of  the  mine  mule  are  num- 
bered for  his  place  has  already  been  tak- 


possible  be  done  in  the  rock  above  and 
below  the  vein. 

Mine  locomotives  derive  their  power 
from  an  overhead  trolley  the  current  be- 
ing returned  through  the  track  rails  as  in 
the  case  of  the  ordinary  street  car  sys- 
tem. 

Instead  of  being  supported  by  poles, 
the  trolley  wires  are  carried  by  specially 
insulated  hangers  which  are  fastened  to 


MINE   LOCOMOTIVE  AT  THE  END  OF  A    TRACK    SECTION. 


en  by  the  ''electric  mule"  in  a  majority 
of  the  large  mines,  and  the  application  of 
electricity  to  mine  haulage  is  rapidly  in- 
creasing among  the  smaller  properties. 

Mining-  locomotives  as  a  type  are  the 
outcome  of  the  peculiar  conditions  pre- 
vailing in  the  mine.  Low  down  and 
massive,  they  are  designed  to  economize 
head  room  to  the  last  degree,  for  with  a 
thin  vein,  say  four  feet  in  thickness,  it  is 
important   that    as    little    excavating   as 


the  overhead  timbers  or  directly  to  the 
mine  roof,  and  the  manufacture  of  these 
hangers  and  the  other  accessories  of  the 
trolley  equipment  constitutes  a  consider- 
able industry  in  itself. 

The  locomotives  shown  in  the  accom- 
panying illustrations  are  known  as  the 
rack  rail  type,  built  on  the  Goodman 
system.  Level  track  haulage  is  com- 
paratively easy,  involving  merely  the 
overcoming  of  train  and  track  resist- 
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ances,  which  amount  to  very  small  per- 
centages of  the  train  weight.  Up-grade 
haulage  is  difficult  work,  because  in  ad- 
dition to  the  resistances  met  in  hauling 


type  of  locomotive  no  dependence  is 
placed  on  the  tractive  effort  of  the  loco- 
motive, that  is,  its  ability  to  stick  to  the 
rail    through    its    weight.      The    pull    is 


MINE   LOCOMOTIVE  AND  A    TRIP    OF    LOADS. 


MINK     LOCOMOTIVE     PESCKXPING     A     STEEP    GRADE 


on  level  tracks,  (here  is  introduced  the 
work  of  lifting  the  whole  train  weight, 
more  or  less  gradually,  according  to  the 

pitch  of  the  grade. 
.  In  moving  up  grade  with  the  rack  rail 


evened  through  a  cog  wheel  under  the 
locomotive  which  engages  the  teeth  of  a 

rack  fastened  on  the  floor  of  the  mine, 
between  the  rails.  The  cog  wheel  is 
driven   by  the  motors  and   the  machine 
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literally  climbs  up  the  rack,  dragging  its 
train  of  cars  behind.  Where  there  is  no 
grade  the  rack  is  dispensed  with  and  the 
locomotive  proceeds  by  its  tractive  effort 
alone. 

The  operator  of  a  mine  locomotive  sits 
on  a  low  seat  at  the  rear,  his  head 
reaches  above  the  top  only  enough  to 
give  him  a  clear  view  ahead,  and  he 
operates  the  locomotive  by  means  of 
a  controller  similar  to  a  street  car  con- 
troller. 

The  advantage  of  electric  haulage 
over  mules  lies  in  greater  speed  and 
heavier  loads  attainable  and  in  the  econ- 
omy of  operation.  Electricity  is  at  the 
same  time  available  for  the  operation  of 
pumps,  and  for  lighting,  drillino-  and  op- 
erating coal  cutting  machines.  The  pow- 
er is  generated  at  the  surface  and  is 
there  available  for  operating  crushers, 
tipples,  etc. ;  so  that,  a  complete  electrical 
equipment  is  practically  a  necessity  in 
the  attainment  of  the  most  economical 
results.  Often  there  are  a  large  number 
of  mines  owned  by  a  single  company  and 
situated  in  a  comparatively  small  area. 
Here  a  single  power  plant  may  be  built, 
and  the  current  transmitted  at  high  ten- 
sion to  the  different  mines,  there  to  be 
transformed  down  to  working  voltage, 
this  scheme  still  further  reducing  the 
cost  of  power,  through  the  greater  effi- 
ciency of  the  large  plant  over  several 
small  ones. 


THE  JAPANESE  TELEGRAPH  CODE. 

The  Morse  Signals  used  in  telegrams 
written  in  the  Japanese  characters  are 
fifty  in  number,  in  addition  to  those  rep- 
resenting figures,  and  the  signs  of  punctu- 
ation, etc.,  says  a  writer  in  St.  Martin's 
LeGrand.  These  signals  are  partly  com- 
posed of  those  representing  the  Morse 
alphabet,  and  partly  of  additional  combi- 
nations of  dots  and  dashes. 

Telegraphically  speaking,  about  3.65 
Japanese  letters  are  equivalent  to  one 
word  in  English,  which  on  an  average 
consists  of  4.67  Morse  letters,  and  there- 
fore one  Japanese  Morse  signal  corre- 
sponds to  1.28  international  Morse  signal. 
It  may  be  perhaps  interesting  here  to  note 
how  Japan  is  related  telegraphically  to 
foreign  countries.  Of  the  whole  number 
of  foreign  messages  forwarded  or  re- 
ceived, and  which  amount  to  some  800,- 


000  a  year  at  present,  about  forty  per 
cent  are  credited  to  Korea,  twenty-eight 
per  cent  to  China,  nine  per  cent  to  Eng- 
land, seven  per  cent  to  the  United  States, 
four  per  cent  to  France,  two  per  cent  to 
Russia  and  four  per  cent  to  all  other 
countries. 


A  NEAT  BATTERY  BOX. 

It  is  oftentimes  the  case  that  the  dry 
batteries  used  with  local  battery  tele- 
phones, door  bells,  etc.,  are  put  in  "any 
old  place"  where  they  are  frequently 
knocked    over,    the    connections    tangled 


A  NEAT    BATTERY    BOX. 

or  broken  and  where  they  present  at 
best  an  unsightly  appearance.  Along 
comes  a  man  with  an  idea,  however, 
which  takes  form  in  the  Paragon  bat- 
tery box  shown  in  the  illustration.  This 
is  the  invention  of  F.  W.  Pardee,  Cam- 
bridge building,  Chicago.  It  is  made  to 
hold  two  dry  battery  cells  snugly  with  a 
cover  for  the  top  and  provided  with 
openings  at  the  top  and  bottom  through 
which  the  battery  leads  are  passed.  The 
box  is  made  of  sheet  steel;  finished  in 
black  Japan  and  lined  inside  with  insulat- 
ing fiber  which  protects  the  sides  of  the 
box  and  edges  of  the  openings.  The 
cover  is  attached  to  the  box  by  a  nickel 
plated  chain.  It  can  be  fastened  in  any 
convenient  place  and  may  be  attached  to 
a  wall,  desk  or  anv  desired  surface. 
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STRINGING  DOUBLE  TROLLEY  WIRE. 

For  stringing  trolley  wire  on  the  Pitts- 
burg, Harmony,  Butler  &  New  Castle 
Railway,  now  under  construction,  Chief 
Engineer  Harry  Ethredge  designed  a 
special  work  car  which  shows  some  in- 
teresting features.  The  road  was  built 
with  double  trolley  wire.  At  one  end  of 
the  flat  car  were  erected  supports  for 
holding   two    reels   of   wire.      A   timbei 


GLASS  TELEGRAPH  POLES. 

Europe  is  now  beginning  to  use  glass 
telegraph  poles,  and  patents  have  been 
granted  in  Germany  and  the  United 
States,  for  a  machine  to  be  used  in  their 
manufacture.  The  poles  are  said  to  be 
especially  valuable  in  countries  where 
wooden  poles  are  quickly  destroyed  by 
insects  or  by  climate.  The  Imperial  Post 
Department  of  Germany,  it  is  said,  has 
already  ordered  that  these  poles  be  used 
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STRINGING   DOUBLE  TROLLEY  WIRE. 


brake  gave  the  proper  tension  and  the 
wires  passed  up  over  two  20-inch  sheaves 
on  a  15-foot  mast  just  back  of  the  reels. 
From  there  they  passed  over  two  I o-inch 
sheaves  on  a  movable  boom.  The  spac- 
ing of  the  sheaves  at  the  mast  was  42 
inches  and  at  the  boom  13  inches,  so  that 
the  wires  came  together  at  the  proper 
angle  for  the  8-inch  spacing  where  they 
were  tied.  The  idea  of  the  movable 
boom  was  to  follow  curves  accurately 
and  to  keep  the  strain  of  shifting  the 
wires  <A'(  from  the  shoulders  o\  the  men 
and  bring  the  wires  to  the  position  de- 
sired. In  stringing  the  overhead,  title 
trolley  was  first  tied  loosely  to  the  cars 
and  later  pulled  up  and  secured  to  Figure 
8  clinch  ears.  With  this  arrangement  it 
was  possible  to  string  about  three  miles 
of  double  trolley  per  day.  Electric  Trac 
tion  Weekly. 


in  its  telegraph  or  telephone  lines.  The 
poles  will  be  more  sightly  than  the  pres- 
ent wooden  affairs,  and  in  countries 
where  the  timber  is  nearly  exhaust 
they  will  lessen  somewhat  the  great  drain 
upon  the  rapidly  vanishing  forests. 

TREMENDOUS  HEAT  DEVELOPED  BY 
LIGHTNING. 

The    remarkable    heating    effect    of    a 
lightning  discharge  was  exemplified  re- 
cently   near    Ben    llnr.    Ark.      Lightning 
struck  and  completely  destroyed  fully  a 
quarter  oi  a  mile  oi  wire  and.  aside  from 
a    few  small  partially   melted  pieces,  not 
a  trace  oi  the  wire  QOuld  be  four 
dently    the    intense    heat    had    vapor 
the  metal.     The  small  pi, ,    g 
only    a    few    inches    in   length   and    v 
twisted   into    every    shape    imaginable. 
Several  were  welded  together  as  if  done 

lw    a  blow  torch. 
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NEW  AUTOMATIC  TRANSPORTATION 
SYSTEM. 

Fancy  a  little  car  that  travels  silently 
and  diligently  on  an  overhead  track  that 
meanders  from  house  to  house  through 
the  country,  leaving  a  package  here,  ac- 
cepting another  there,  ringing  the  door- 
bell of  the  recipient,  and  in  short  show- 
ing almost  human  intelligence.  Such  is 
the  conception  of  a  Buffalo  man,  Mr. 
William  C.  Carr,  inventor  of  a  new  elec- 
tric system  of    transportation    which  is 


motored  carriers  will  be  sent  out  with 
the  mail  and  the  parcels  for  the  farmers 
living  along  the  route  traversed  by  the 
system. 

The  carrier  travels  at  the  rate  of  25 
to  30  miles  an  hour.  When  it  approaches 
a  station,  it  slows  down  automatically 
and  leaves  a  mail  box  containing  the 
farmer's  mail  locked  in  a  station  in  front 
of  his  house,  rings  an  electric  signal  in 
the  building,  picks  up  the  box  contain- 
ing the  out-going  mail  deposited  by  the 


FIG.    1.     NEW    AUTOMATIC    TRANSPORTATION    SYSTEM. 


designed  not  only  to  serve  the  purpose  of 
a  mail  and  package  delivery  system  for 
rural  districts  but  also,  when  built  on  a 
sufficiently  large  scale  to  carry  the  bulk- 
ier products  of  the  farm,  to  deliver  coal, 
etc. 

This  new  automatic  transportation  sys- 
tem, as  proposed  for  rural  districts,  com- 
prises a  series  of  Y-shaped  metal  or  con- 
crete poles  supporting  a  double  steel 
track  which  is  elevated  from  12  to  20 
feet  above  the  ground,  excepting  at  the 
several  stations  in  front  of  farmers' 
houses,  where  the  track  will  be  lowered 
to  a  convenient  height.  These  lines  will 
run  in  loops  from  a  central  station  where 


farmer,  and  proceeds  on  its  way,  ac- 
quiring at  once  its  speed  of  30  miles  an 
hour. 

The  processes  of  delivery  and  collec- 
tion are  both  accomplished  automatically, 
and  the  progress  of  the  carrier  along  its 
route  is  noted  by  an  indicator  in  the  cen- 
tral office,  which  shows  the  exact  loca- 
tion of  the  carrier  while  making  its 
rounds.  One  man  may  operate  as  many 
of  these  loops  as  are  required  from  one 
central  station. 

The  cost  for  power  for  sending  a  car- 
rier around  a  25  mile  loop  is  but  a  few 
cents.  Snow,  ice  and  severe  weather  will 
not  hamper  the  operation  of  the  carrier. 
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The  point  of  contact  between  the  car  and 
the  rail — where  the  power  is  taken — is 
underneath  in  an  inverted  V-shaped 
groove  which  affords  protection  from 
the  elements. 

In  connection  with  this  rural  system  of 
transportation,  a  telephone  service  may 
be  installed,  and  telephones  may  be  pro- 
vided  for  the  farmers   along  the  route. 

The  operating  company  can  furnish 
electric  energy  to  the  farmer  for  running 
his  farm  machinery  and  illuminating  his 
house.  The  farmer  may  telephone  over 
the  company's  service  to  the  central  sta- 
tion for  a  special  car  to  bring  in  his  farm 
produce,  and.  he  may  also  have  delivered 
to  him  merchandise  from  the  city  stores. 

An  actual  line  in  operation  is  shown  in 
Fig.  i.  This  line  was  built  for  demon- 
stration purposes  and  shows  the  system 
as  applied  to  mail  collection  and  deliv- 
ery. When  a  farmer  has  any  mail  to  be 
delivered    to   the   postoffice    it    is   placed 


riers  will  run  and  be  controlled  as  in  the 
overhead   system. 

Many  are  of  the  opinion  that  the  auto- 
matic transportation  system  will  prove 
of  great  value  in  many  fields  besides 
mail  and  package  delivery.  For  instance., 
in  the  wheat  belts  of  the  west  and  Can- 
ada private  systems  might  be  installed  on 
the  immense  tracts  and  the  grain  trans- 
ported to  the  central  granary  at  a  very 
small  cost.  The  same  applies  to  the  great 
sugar  plantations  of  trie  south. 

In  the  coal  section  it  could  be  applied 
to  the  transportation  of  the  mined  prod- 
uct from  distant  galleries  to  the  mouth 
of  the  mine,  now  requiring  thousands  of 
mules  and  drivers. 

A  feature  of  interest  to  electric  cen- 
tral stations  is  the  possibility  of  furnish- 
ing cheap  electric  lights,  heat  and  power 
in  every  farm  house  along  the  route 
through  the  rural  sections.  Tapping  the 
rails,  a  farmer  can  enjoy  electric  lighting 
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in  a  sheet  iron  box  and  mounted  on  a 
suitable  stand  so  that  the  carrier  in  pass- 
ing over  picks  it  up  on  the  horizontal 
prongs  or  arms.  Mail  to  be  delivered  to 
the  farmer  is  placed  in  a  similar  box  and 
by  means  of  a  simple  device  is  auto- 
matically dropped  at  the  proper  station. 
It  is  also  proposed  to  use  the  system 
for  underground  work  in  the  delivery  of 
mail  matter  and  packages  in  the  larger 
cities  to  take  the  place  of  pneumatic 
tube  systems.  Fig.  2  illustrates  the 
method  proposed.  This  system  contem- 
plates the  construction  of  concrete  tubes 
with  a  two-rail  track  mounted  on  the  in- 
side upon  which  the  motor  operated  car 
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in   his   house,   electric   heat   in    his    cook 
stove,  and  electric  machinery. 


ELECTRIC    POWER  FROM    PEAT. 

Steps  are  now  being  taken  toward  the 
"erection  of  a  large  electric  power  plant 
in  County  ECildare,  Ireland,  near  the  city 
of  Dublin.  This  plant  will  utilize  peat 
moss  for  fuel,  the  peat  to  he  taken  from 
the  Bog  of  Allen.  A  power  develop- 
ment of  15.000  horsepower  is  cont< 
plated,  this  power  to  be  made  avail; 
by  high  tension  transmission  over  an 
area  of  847  square  miles.  Engineers 
say  there  is  sufficient  peat  in  the  hoc  to 
supply  fuel  for  50  years. 


FAVORITE  MARKS  FOR  THUNDERBOLTS. 


Professor  E.  J.  Houston,  well  known 
authority  on  electrical  phenomena,  and 
author  of  the  serial  on  "Elementary 
Electricity''  which  appears  from  month 
to  month  in  this  magazine,  contributed 
an  article  to  the  Philadelphia  Xorth 
American  upon  the  subject  of  lightning 
and  some  of  its  favorite  marks.  The 
following  paragraphs  from  this  article 
present  Professor  Houston's  views  on 
the  subject  in  an  interesting  manner: 

It  is  now  generally  believed  that  most 
lightning  discharges  or  thunderstorms 
are  due  to  an  electric  charge  produced 
in  the  air  by  the  evaporation  of  mois- 
ture. Like  all  charges,  those  existing  in 
moist  air  are  spread  out  over  the  sur- 
face of  the  particles  or  minute  drops  of 
water  that  form  the  clouds.  When  the 
cloud  particles  are  condensed  as  rain- 
drops, a  marked  decrease  in  area  occurs, 
so  that  the  density  of  the  electric  charges 
increases.  In  other  words,  an  increase 
occurs  in  the  depth  of  the  electric  fluid 
constituting  the  charge.  In  this  way  it 
is  now  generally  believed  that  the  high 
potential  of  the  lightning  flash  can  be  ex- 
plained. 

If  the  above  theory  be  true,  then  it 
would  follow  that  thunderstorms  and 
lightning  flashes  should  be  found  princi- 
pally in  those  parts  of  the  earth  where 
the  condensation  of  the  charged  vapor 
rapidly  follows  its  formation.  If  too 
long  a  time  occurs  between  vaporization 
and  the  condensation  the  electricity 
charged  on  the  vapor  particles  will  be 
dissipated  or  dispersed  through  the  air. 
If,  on  the  contrary,  the  condensation 
rapidly  follows  the  evaooration,  then  we 
have  all  the  conditions  necessary  for 
powerful  lightning  flashes. 

This  theory  accords  fairly  well  with 
the  fact.  The  most  severe  thunderstorms 
occur  within  the  tropics  during  those 
seasons  o-f  the  year  corresponding  to  the 
times  of  the  rainfall.  In  a  belt  of  land 
lying  on  either  side  of  the  equator  and 
on  the  side,  according  to  position  of  the 
sun,  when  the  sun  is  overhead,  severe 
thunderstorms  are  of  daily  occurrence. 
They  always  accompany  the  rainfall. 
Now,   since   in   these  regions  the  vapor 


that  is  formed  during  the  morning  hours 
is  condensed  during  the  afternoon  hours, 
the  conditions  for  the  formation  of  heavy 
lightning  flashes  must  be  those  above 
given. 

There  are  conditions  in  which  a  per- 
son may  be  placed  that  will  especially 
render  him  likely  to  be  struck  by  a  light- 
ning discharge.  A  disruptive  discharge, 
that  is,  a  lightning  flash,  never  occurs 
between  a  cloud  and  the  earth  until  an 
opposite  charge  is  produced  by  induction 
on  some  body  on  the  earth.  A  flagpole 
would  receive  by  induction  on  its  upper 
end  a  negative  charge  from  a  positively 
charged  cloud  floating  over  it.  An  ac- 
cumulation of  electricity  occurs  both  on 
the  part  of  the  cloud  underneath  the  pole 
and  on  the  end  of  the  pole.  If  the  dif- 
ference of  these  charges  is  sufficiently 
great,  the  air  between  the  cloud  and  the 
pole  will  be  disrupted  or  broken  and  a 
lightning  flash  will  pass.  Consequently, 
it  is  the  highest  objects  that  are  more 
likely  to  receive  discharges. 

There  are  certain  especially  dangerous 
positions  for  persons  to  assume.  I  can 
conceive  of  nothing  more  dangerous 
than  a  man  marching  with  a  gun  over 
his  shoulder,  whether  it  is  supplied  with 
a  bayonet  or  not.  though  more  so  with 
a  bayonet,  either  during  a  thunderstorm 
or  slightly  before  it,  when  the  air  is 
charged  with  electricity.  Such  a  man 
becomes  a  veritable  walking  lightning 
rod  of  the  most  dangerous  type.  The 
upper  point  of  his  gun  or  bayonet  re- 
ceives a  charge  which  invites  a  discharge 
from  the  cloud,  but  no  means  have  been 
provided  for  the  passage  of  this  dis- 
charge to  the  ground.  This  must  al- 
most invariably  result  in  the  man's  death. 

In  a  similar  manner  the  carrying  of  a 
sword  is  also  highly  dangerous,  because 
here  again  the  discharge  being  invited, 
and  having  no  means  for  a  safe  escaoe 
to  the  ground,  will  probably  result  in  the 
man's  death. 

In  a  similar  manner  I  do  not  think  it 
advisable  to  permit  the  steel-ribbed  lee- 
gins  to  be  employed,  since  these  would 
act  as  lightning  rods.  Fortunately,  how- 
ever, they  extend  only  a  short  distance 
below    the    man's    knees,    still    they    are 
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dangerous.  I  noticed  in  this  morning's 
paper  a  statement  objecting  to  the  pos- 
sible danger  of  steel  leggins,  on  the  plea 
that  the  mass  of  metal  in  these  leggins 
was  so  slight.  It  is  by  no  means  the 
mass  of  the  conductor  that  constitutes 
the  danger,  but  the  position  of  this  mass. 

In  a  similar  manner  any  uniform  mass 
of  metal,  or,  better,  any  area  of  metal 
worn  about  the  head,  either  as  a  cuirass 
or  as  the  regimental  mark,  forms  a  pos- 
itive source  of  danger. 

Surprise  is  sometimes  expressed  at 
what  are  styled  the  wonderful  narrow 
escapes  from  death  by  thunderbolts. 
There  are  well  known  cases  on  record 
where  persons  have  been  apparently 
struck  by  lightning  discharge  and 
hurled  bodily  a  distance  of  fifteen  or 
twenty  feet  through  the  air,  and  yet 
found  with  no  other  injury  than  prob- 
ably the  bruises  which  would  naturally 
be  produced  by  such  unceremonious 
handling.  At  times,  however,  all  their 
clothes  have  been  removed,  completely 
ripped  from  their  bodies,  even  the  boots 
and  shoes  torn  from  their  feet,  and  yet 
without  any  other  injury.  A  surprise  is 
expressed  because  of  absence  of  death. 
It  would  seem  that  such  discharges 
should  undoubtedly  have  caused  inst-aiit 
death. 

I  think  it  can  be  safely  said  that  in 
such  cases  there  was  no  actual  passage 
of  electricity  through  the  bodies.  The 
fact  that  watches,  penknives,  bunches  of 
keys  found  on  the  bodies  of  these  per- 
sons have  apparently  been  fused  by  a 
lightning  flash  is  no  contradiction. 

The  explanation  is,  I  think,  simple.  A 
lightning  discharge  does  not  consist  of 
a  single  rush  of  electricity  between  the 
cloud  and  the  object  on  the  earth.  There 
is  first  a  rush  from  the  cloud  to  the 
earth.  Then  a  somewhat  less  powerful 
rush  in  the  opposite  direction  from  the 
earth  to  the  cloud ;  then  another  rush 
from  the  cloud  to  the  earth,  and  the  re- 
verse, these  alternate  rushes  taking  place 
with  rapidly  decreasing  intensity  for  a 
comparatively  few  times.  In  other 
words,  the  lightning  Hash  is  oscillatory 
or  rapidly  alternating  in   direction. 

Now,  it  is  a  well  known  fact  that  al- 
ternating electric  currents  such  as  are 
to-day  employed  on  a  largo  scale  for  the 


lighting  of  arc  and  incandescent  electric 
lamps  and  the  driving  of  motors  can 
readily  set  up,  by  a  process  known  as 
induction,  a  powerful  electric  current  in 
all  masses  of  metal  which  may  happen  to 
be  in  the  neighborhood  of  the  flash.  It 
is  not  necessary  that  these  masses  of 
metal  be  actually  placed  in  metallic  con- 
tact with  the  discharge.  In  fact,  the 
induced  currents  are  set  up  better  if  the 
masses  are  carefully  insulated  from  the 
discharge. 

Now,  here  is  probably  the  explanation 
of  the  melting  of  metals  in  the  bodies  of 
persons  that  may  or  may  not  have  been 
unceremoniously  disrobed  by  lightning 
flashes.  The  passage  of  a  lightning  dis- 
charge anywhere  in  their  neighborhood 
— it  may  either  be  only  a  few  hundred 
feet  or  several  hundred  feet  from  them 
— sets  up  induced  currents  in  all  masses 
of  metals  in  the  neighborhood.  It  is 
these  induced  currents  that  fuse  the 
watch  or  the  bunch  of  keys,  or  the  sword 
or  even  the  nails  in  the  shoes. 

Similar  effects  have  been  observed  on 
looking  glasses  or  in  the  gilt  furniture  of 
a  salon.  An  electric  discharge  striking 
in  the  neighborhood  of  the  house  pro- 
duces currents  sufficiently  great  to  vola- 
tilize these  gilt  coverings  or  the  gilding 
on  the  back  of  a  looking  glass. 

And  now  as  to  the  ripping  off  of  the 
boots  or  shoes,  or  what  might  be  called 
electric  disrobement.  As  is  well  known, 
thunder  accompanying  lightning  is  due 
to  the  sudden  rushing  of  the  wind  into 
the  vacuous  space  caused  by  the  intense 
heat  of  the  discharge,  either  through  the 
air  or  through  drops  of  water  in  the  air. 
It  is  this  thundered  wind,  as  I  think  it 
might  be  called,  rushing  into  the  neigh- 
borhood of  the  space  through  which  the 
lightning  discharge  has  passed  that  tears 
or  rips  the  clothes  from  a  person,  or 
causes  the  shoes  and  boots  to  be  un- 
ripped by  the  expansion  oi  the  air  be- 
tween the  body  and  the  boots,  and  this 
would  be  all  the  easier  if  the  metal  pecs 
have  been  previously  removed  by  in- 
duced currents.  In  this  way  the  won- 
der, like  all  physical  wonders,  disappears 
as  soon  as  it  is  thoroughly  understood. 
It  is  not  die  actual  electric  discharge  that 
has  struck  the  person,  but  only  an  in- 
duced  discharge 


ELECTRICITY  IN  MEDICINE. 

BY  OTTO  JUETTNER,  M.  Dv  PH.  D. 

Part  VI. 


Our  discussion  concerning  the  differ- 
ent uses  of  electricity  in  the  study  and 
treatment  of  diseases  would  not  be  com- 
plete without  some  reference  to  the  elec- 
tric light  (incandescent  and  arc)  as  a 
serviceable  instrument  in  the  hands  of 
the  modern  physician. 

The  miniature  incandescent  globes  of 
one-half  to  two  candle-power  which  or- 
dinarily are  mere  toys  and  as  such  answer 
an  admirable  purpose  in  lighting  up  a 
Christmas  tree,  are  of  the  greatest  value 
in  the  recognition  and  proper  study  of 
many  diseases.  To  the  specialist  who  is 
interested  in  diseases  of  certain  cavities 
in  the  human  body  that  are  either  entirely 
inaccessible  to  the  eye  or  only  partially 
so,  these  little  electric  lights  are  indispen- 
sable. They  form  the  essential  parts  of 
suitably  constructed  instruments  and  are 
carried  into  the  cavities  of  the  body 
which  are  thus  laid  open  to  inspection 
and  study.  The  throat  specialist  has  a 
little  instrument  called  a  "tongue  depres- 
sor" on  the  end  of  which  is  mounted  a 
little  incandescent  lamp  which  lights  up 
the  cavity  of  the  mouth.  The  tongue 
depressor  is  held  by  the  left  hand  of  the 
physician  whose  right  hand  is  thus  left 
free  to  make  suitable  applications  or  give 
treatments  to  afflicted  parts.  If  he  wishes 
to  study  the  appearance  of  the  larynx 
(throat)  and  surrounding  parts,  a  small 
mirror  which  is  properly  mounted. on  the 
tongue  depressor  or  in  some  other  suita- 
ble manner,  in  introduced  into  the  mouth 
and  reflects  the  image  of  parts  which 
are  out  of  the  range  of  vision  of  the  eye. 
The  same  holds  good  in  regard  to  other 
cavities,  for  instance  the  nose,  the  blad- 
der, the  lower  bowel,  including  the  canals 
leading  to  these  cavities.  Interesting  ob- 
servations have  also  been  made  by  caus- 
ing the  patient  to  swallow  a  partially  in- 
cased miniature  lamp  suspended  by  a 
chord.  In  a  dark  room  the  light  can  be 
seen  through  the  stomach  wall  and  may 
aid  in  clearing  up  some  obscure  points 
in  the  condition  of  the  patient's  stomach. 
This  is  called  translumination  or  dia- 
phany  of  the  stomach. 

The  larger  incandescent  lamps  of  16, 


32,  50  and  more  candle  power  are  of  the 
greatest  importance  in  modern  medicine 
because  they  furnish  dry  heat  in  the  sim- 
plest and  most  practical  manner.  Dr. 
Minin,  of  St.  Petersburgh,  who  is  sur- 
geon-general of  the  Russian  army,  is  the 
originator  of  treatment  by  means  of  in- 
candescent lamps.  He  uses  them  in  vari- 
able candle  power  and  places  them  in  a 
reflector  or  hood  (Fig.  25)  over  the  part 
to  be  treated.  Their  effect  improperly  se- 
lected cases  is  truly  remarkable.  The  dry 
heat  produced  by  these  lamps  has  a  tre- 
mendously stimulating  effect  on  the  skin, 
and  a  secondary  effect  is  produced  on  the 
circulation  of  the  part  treated.  Fresh  ar- 
terial blood  is  drawn  to  the  part,  which  is 
thus  regenerated  and  freed  from  obnoxi- 
ous and  poisonous  matter.  Pain  is  re- 
lieved, especially  if  the  light  application 
is  preceded  by  some  other  stimulating 
treatment,  -for  instance  massage.  Dry 
heat  produced  by  an  incandescent  lamp 
will  more  than  take  the  place  of  the  old- 
fashioned  poultice  without  the  discomfort 
and  filth  of  the  latter.  The  incandescent 
lamp  (Minin's  lamp,  as  it  should  be 
properly  called  in  medicine)  is  very  ef- 
fective in  the  treatment  of  boils  and  car- 
buncles. It  facilitates  and  accelerates  the 
formation  of  matter  and  draws  it  to  the 
surface.  In  the  treatment  of  muscular 
rheumatism  and  inflammatory  conditions, 
especially  if  they  are  associated  with  pain, 
the  Minin  lamp  will  often  work  wonders. 
In  varicose  ulcers  which  are  usually  seen 
on  the  leg  and  are  frequently  large,  pain- 
ful and  very  hard  to  heal,  the  Minin 
lamp  renders  very  good  service.  It 
would  carry  us  beyond  the  confines  of 
our  subject  to  give  all  the  conditions  in 
the  treatment  of  which  the  Minin  lamp 
may  be  useful.  Much  depends  on  the 
candle  power  of  the  lamp.  The  pene- 
trating effect  is  in  proportion  to  the  size 
of  the  lamp.  Ordinarily  the  32  or  50 
candle  power  lamp  is  sufficient.  Lamps 
of  gigantic  size,  of  300  and  500  candle 
power,  are  nowadays  frequently  employ- 
ed. Their  efficacy,  if  properly  used,  is 
truly  wonderful. 

It  may  not  be  amiss  to  call  attention  to 
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the  fact  that  the  effects  of  lamps  of  dif- 
ferent color  are  by  no  means  the  same. 
Red  globes  have  a  distinctly  irritating  ef- 
fect and  cause  sweating  very  promptly. 
Blue  globes  produce  a  soothing  and 
quieting  effect  and  are  to  be  used  if  the 
principal  object  is  the  relief  from  pain. 
Blue  light  is  a  sleep  producer  of  great 


FIG. 


25.       INCANDESCENT       LAMPS 
LOCAL    TREATMENT. 
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value.  The  employment  of  light  in  medi- 
cine is  called  photo-therapy,  while  the 
use  of  different  colors  is  known  as 
chromo-therapy.  It  is  proper  tQ  add  that 
in  giving  Minin  treatments  single  lamps 
or  clusters,  properly  mounted  in  a  hood 
or  reflector,  are  used. 

The  consideration  of  the  incandescenl 
lamp  naturally  brings  us  to  the  subject 
of  the  electric  light  bath  cabinet.  In  the 
construction  of  these  cabinets  incandes- 
cent lamps  are  used,  although,  for  cer- 
tain purposes,  arc  lights  are  sometimes 
added.  The  cabinet  may  be  constructed 
in  such  a  manner  as  to  enable  the  patient 
to  lie  down  and  take  the  treatment.  He 
lies    down    on    a    platform    mule    and    is 


rolled  into  the  cabinet.  Some  cabinets 
are  made  for  the  patient  to  sit  in.  These 
cabinets  have  been  discarded  by  the  best 
operators  because  patients  are  much 
more  liable  to  faint  when  they  take  the 
treatment  in  the  sitting  position.  Of 
course,  in  both  varieties  of  cabinets  the 
head  of  the  patient  remains  out  of  the 
cabinet.  The  interior  of  the  cabinet  is 
studded  with  incandescent  lamps  which 
give  forth  dry  heat  and  stimulating  rays 
of  light.  The  globes  may  be  white,  blue 
or  red.  The  best  effects  are  produced  if 
the  colors  are  mixed,  with  the  blue  pre- 
dominating. There  is  no  limit  to  the  use- 
fulness of  the  electric  light  bath.  It  is 
by  all  odds  the  best  and  most  modern 
treatment  in  all  forms  of  rheumatism,  in 
fact  in  all  conditions  requiring  powerful 
elimination  through  the  skin  ( Bright' s 
disease,  etc.). 

The  electric  arc  light  has  recently 
found  a  large  field  of  usefulness  in  the 
practice  of  medicine.  Its  effects  are  due 
to  the  fact  that  the  arc  light  is  spectro- 
scopically  sunlight  on  a  small  scale.  In 
order  to  understand  what  this  means,  we 
must  remember  that  the  light  of  the  sun 
is  a  composition  of  many  different  forms 
of  radiating  energy.  If  we  allow  sun- 
light to  fall  through  a  prism  we  cause  it 
to  be  broken  up  into  its  component  rays 
or  color.  This  arrangement  of  colors  is 
known  as  the  "solar  spectrum."  If  sun- 
light is  broken  up  by  myriads  of  drops 
of  moisture  in  the  atmosphere,  each  drop 
representing  a  little  prism,  the  effect  is 
the  rainbow  showing  the  different  com- 
ponent parts  of  the  light  of  the  sun.  The 
important  point  to  be  remembered  is  that 
the  spectrum  of  the  sun  is  practically  the 
same  as  the  spectrum  of  the  electric  arc 
light.  The  arrangement  of  colors  is  ap- 
proximately the  same.  This  fact  makes 
the  light  from  the  electric  are  a  substi- 
tute for  sunlight,  the  difference  being  in 
intensity,  but  not  in  composition.  There- 
fore we  may  assume  that,  in  a  small  way. 
the  are  light  will  accomplish  what  the 
light  of  the  sun  is  capable  of  doing. 

The  seven  colors  of  the  spectrum  are 
red.  orange,  yellow,  green,  blue,  in  ' 
and  violet,  Besides  these  seven  visible 
rays  there  are  many  invisible  forms  of 
radiation  that  belong  to  the  spectrum  and. 
of  course,  have  no  color.  Depending  on 
the   location   of  these  invisible  radiations 
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26.     AN   AMERICAN    ARC    LIGHT 
TREATMENT. 


they  are  called  "infra-red"  (if  they  arc 
on  the  red  end  of  the  spectrum)  or  "ul- 
tra-violet" (if  they  are  situated  beyond 
the  violet  end).  There  are  three  differ- 
ent activities  that  are  contained  in  sun  or 
arc  light.  The  radiations  emanating 
from  the  red  end,  including  the  invisible 
infra-red  rays,  produce  heat  and  are, 
therefore,  known  as  "thermic"  or  "calori- 
fic" rays.  The  rays  which  come  from 
the  center  of  the  spectrum,  especially 
from  the  yellow  and  green  fields,  are  pro- 
ductive of  light  pure  and  simple  and  are, 
therefore,  called  "luminous"  rays.  The 
violet  end  of  the  spectrum,  including  the 
visible  blue  and  indigo  but  more  espe- 
cially the  invisible  ultra-violet  fields,  emit 
rays  that  are  chemical  in  their  action  and, 
therefore,  are  known  as  "chemical"  rays. 
They  are  frequently  called  "actinic"  rays. 
They  have  the  power  of  killing  germs 
and  represent  the  great  disinfectant  in 
the  domain  of  nature.  It  is  these  actinic 
rays  that  give  light  its  great  sanitary  im- 
portance. The  tanning  of  the  skin  after 
prolonged  exposure  to  light  is  due  to  the 
action  of  the  actinic  ravs. 


The  electric  arc  light,  as  we  stated  be- 
fore, contains  approximately  the  same 
spectral  composition  as  sunlight.  It  is, 
therefore,  available  as  an  artificial  sub- 
stitute for  sunlight.  We  may  administer 
an  artificial  sunbath  to  a  patient  by  ex- 
posing his  nude  body  to  the  light  from  a 
half  a  dozen  or  more  arcs.  The  actinic 
rays  contained  in  this  light  stimulate  and 
disinfect  the  skin.  The  latter  becomes 
better  nourished  and,  as  a  result,  func- 
tionates more  actively.  In  connection 
with  the  effects  produced  by  the  actinic 
rays  contained  in  arc  light  it  is  important 
to  remember  its  irritating  action  on  the 
mucous  membrane  of  the  eye.  People 
who,  work  in  arc  light  are  prone  to  suf- 
fer from  sore  and  inflamed  eyes.  The 
latter  should  be  protected  by  blue  glasses. 
To  get  the  stimulating  effects  of  the  light 
of  an  electric  arc  the  incandescent  light 
bath  previously  referred  to  is  frequently 
provided  with  one,  two  or  more  arc 
ights.  It  is  understood  that  the  intensity 
of  its  action  is  in  direct  proportion  to  the 
amperage  of  the  arc  light.  Fig.  26  shows 
1  method  of  treatment  by  arc  light. 

Everyone  knows  what  a  sun  glass  is. 
It  is  a  lens  which  concentrates  the  light 
and  causes  its  rays  to  converge  into  a 
focus.  A  sun  glass  concentrates  all  the 
rays,  the  thermic,  the  luminous  and  the 


FIG.    27.     TREATMENT    BY    FINSEN    LIGHT 
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actinic.  The  concentration  of  the  thermic 
rays  causes  intense  heat.  If  the  concen- 
tration takes  place  on  the  skin,  the  result 
is  intense  pain.  If  it  were  possible  to 
eliminate  from  a  concentration  of  light 
the  pain  producing  thermic  _  rays  we 
would  still  have  a  concentration  of  the 
luminous  and  actinic  (chemical)  rays  and 
get  the  stimulating  and  germicidal  action 
of  the  latter  without  pain  or  even  discom- 
fort. The  man  who  studied  this  subject 
and  made  its  practical  application  possi- 


sorbed  by  the  water.  The  light  when  it 
reached  the  surface  to  be  treated  was 
cold  and  represented  a  strong  concentra- 
tion of  luminous  and  chemical  rays.  Fin- 
sen  used  this  form  of  light  with  wonder- 
ful effect  in  the  treatment  of  germ  dis- 
eases of  the  skin.  Finsen  light,  there- 
fore, is  sunlight  or  light  from  an  electric 
arc  minus  heat  rays.  In  a  recent  modifi- 
cation of  the  Finsen  lamp  ("Defmo" 
lamp,  (Fig.  28)  the  light  is  cooled  by  cold 
water  circulating  in  the  electrodes  which 


fig.   2 


THE    DERMO"    ARC     LIGHT. 


ble  for  the  cure  of  disease  became  one  of 
the  greatest  benefactors  of  the  human 
race,'  Prof.  Finsen,  of  Copenhagen,  who 
died  a  few  years  ago,  a  comparatively 
young  man. 

Finsen  constructed  an  apparatus  con- 
sisting of  a  powerful  arc  light  (Fig,  27), 
the  light  of  which  was  collected  by  a  large 
lens  and  allowed  to  fall  through  a  sheet  of 
clear  water.  In  this  way  the  light  was 
cooled    because    the    heat    rays   were   ab- 


are  hollow  and  not  made  of  carbon  but  of 
steel.  The  construction  of  the  "Pernio*' 
lamp  is.  from  a  mechanical  point  of 
view,  very  ingenious.  In  the  accompany- 
ing illustration  the  lamp  is  shown  mount- 
ed on  a  bracket,  together  with  the  rub- 
ber tubes  for  carrying  supply 
waste  water  to  and  from  the  lamp.  (JO 
LS  the  handle  of  the  current  controller 
(n)  ;  (i)  is  the  current  switch.  ^k">  is 
the   fuse  box.     The  wires  from   (1,)   rep- 


348 


POPULAR    ELECTRICITY 


resent  a  loop  in  the  circuit  to  prevent  the 
formation  of  an  arc  in  the  lamp  unless 
the  water  is  flowing.  The  pressure  of 
the  water  distends  the  rubber  tube  and 
by  an  ingenious  arrangement  completes 
the  circuit. 

Fig.  29   shows  the  Finsen  device  for 
concentrating  solar  rays. 

A  Summary. 

In  conclusion  let  us  recapitulate  briefly 
what  can  be  accomplished  in  the  art  and 


FIG.    29.     FLNSEN'S    DEVICE   FOR    CONCEN- 
TRATING   SOLAR    RATS. 

science  of  medicine  by  the  legitimate  use 
of  electricity  in  its  various  forms. 

Galvanism. — The  positive  pole  coun- 
teracts imflammation  and,  by  lessening 
the  blood  pressure,  relieves  pain.  The 
negative  pole  increases  the  blood  pres- 
sure and  irritates.  It  causes  chemical 
changes  in  the  tissues  by  its  affinity  for 
hydrogen.  In  this  way  it  acts  as  an  ab- 
sorbent and  a  destructive  agent  in  the 
treatment  of  Avarts,  growths,  superfluous 
hair,  strictures,  etc.  General  galvaniza- 
tion is  a  useful  tonic.  The  galvanic  cur- 
rent is  used  to  carry  medicinal  substances 
into  the  body. 

Faradism. — The  faradic  current  is  a 
tonic  for  and  regulator  of  muscle  tissue. 
It  contracts  and  relaxes  muscles  and  in 
this  way  improves  their  quality  and  blood 
supply.  It  is  useful  in  certain  forms  of 
paralysis  or  impairment  due  to  faulty 
nutrition  of  muscular  tissue. 


Static  Electricity. — It  is  a  power- 
ful tonic  and  antispasmodic.  The  posi- 
tive current  lessens  blood  pressure  and 
is,  therefore,  indicated  in  all  conditions 
produced  by  an  increase  in  the  blood 
pressure.  Congestions  are  counteracted 
by  the  positive  pole.  Pain  due  to  con- 
gestion is  relieved  by  it.  The  negative 
pole  increases  blood  pressure  and  in  this 
way  is  adapted  in  the  treatment,  of  all 
conditions  which  are  characterized  by 
lack  of  nutrition.  Negative  static  cur- 
rents stimulate  and  regenerate  by  draw- 
ing fresh  blood  to  the  part  treated. 

High  Frequency  Currents. — Gen- 
eral applications  are  tonic  in  their  action. 
Local  applications  are  gently  stimulating 
and  germicidal.  To  improve  the  com- 
plexion, there  is  no  better  agent  than  the 
high  frequency  current.  It  is  by  far  the 
best  curative  agent  in  the  treatment  of 
skin  diseases,  especially  dry,  chronic 
eczema. 

Roentgen  Rays. — They  are  useful  in 
transluminating  the  body  and  studying 
the  conditions  of  hard  tissues  (fractures, 
dislocations)  and  in  locating  foreign 
bodies,  especially  metallic  substances 
(needles,  bullets,  etc.).  Roentgen  rays 
relieve  pain.  They  may  be  used  in  the 
treatment  of  certain  forms  of  skin  cancer 
'and  skin  disease. 

Incandescent  Globes. — They  pro- 
duce dry  heat  and  in  this  way  stimulate 
the  skin,  regenerate  the  blood  supply  of 
the  cuticle  and  relieve  pain. 

Arc  Light. — It  contains  a  large  sup- 
ply of  chemical  rays  and  is  applicable  to 
the  treatment  of  skin  applications  that 
are  due  to  lack  of  vitality  in  the  skin  or 
to  the  presence  of  germs. 
(The  End.) 


REFRIGERATOR  CARS  FOR  ELECTRIC 
ROADS. 

An  air-cooled  refrigerator  car  has  been 
put  in  operation  on  the  Milwaukee 
Northern  Interurban  electric  road  from 
Cedarburg,  Wis.  The  car  is  the  inven- 
tion of  F.  W.  Walker,  engineer  of  the 
Milwaukee  Northern  road  and  is  53  feet 
long,  and  has  a  capacity  of  225  cans  of 
milk.  The  company  will  handle  all  the 
milk  delivered  into  Milwaukee  from  this 
territory  for  many  large  dealers. 
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FOLLOWING  A  BALL  GAME  BY  THE 
ELECTRIC  BULLETIN  BOARD. 

Twenty  thousand  baseball  "fans" 
shouted  until  they  were  hoarse  over  the 
progress  of  a  ball  game  as  indicated  by  a 
few  little  colored  electric  lamps.  On  the 
occasion  of  the  great  Chicago  National 
League  series  the  last  week  in  August, 
when  the  Cubs  won  three  straight  from 
the  New  York  Giants,  excited  crowds  of 
baseball  enthusiasts  followed  with  wrapt 


in  the  same  relative  positions  as  the 
lamps  on  the  bulletin  board.  Each  switch 
controls  its  respective  lamp.  As  the  op- 
erator receives  his  information  by  tele- 
phone or  telegraph,  direct  from  the  field, 
he  instantly  snaps  on  the  proper  switch 
to  indicate  each  play  as  it  is  made. 

ELECTRICITY  THE  LIFE  OF  VEGETABLES. 

That  electricity  is  the  life  principle  of 
vegetables  is  said  to  have  been  proven  by 
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ELECTRIC  BULLETIN  BOARD. 


attention  the  successive  plays  which  were 
indicated  on  the  two  electric  bulletin 
boards  of  the  Chicago  Tribune;  one  on 
the  Tribune  Building  and  one  at  Wash- 
ington Street  and  Michigan  Avenue. 

The  picture  shows  one  of  these  boards 
and  the  method  of  signaling  employed. 
The  line-up  of  the  two  teams  is  lettered 
on  the  sides  of  the  board,  with  a  lamp 
opposite  each  name.  When  a  player 
comes  to  the  bat  his  particular  lamp 
lights,  the  colored  globe  showing  in  the 
daylight.  When  the  ball  is  pitched  to 
him  the  fact  that  it  is  either  a  strike  or 
a  ball  or  a  foul  is  indicated  by  lamps  pro- 
vided for  the  purpose.  If  he  drives  the 
ball  to  center  field,  for  instance,  the  lamp 
there  lights.  If  he  is  out,  the  lighting  of 
the  proper  lamps  indicates  the  fact,  and 
where  out.  If  it  is  a  safe  hit  the  lamp 
on  first  base  lights.  If  he  continues  on 
around,  the  lamps  at  the  various  bases 
indicate  his  progress. 

Judging  from  the  enthusiasm  and 
noise,  watching  the  bulletin  board  is  al- 
most as  good  as  seeing  the  real  game. 

The  bulletin  board  is  operated  from  a 
tittle  keyboard  at  the  rear.  On  this  key- 
board are  mounted  ordinary  snap  switches 


the_  use  of  a  sensitive  galvanometer  with 
which  the  presence  of  electric  current  in 
the  cells  of  fruits  has  been  detected. 

Some  believe  that  all  fruits,  whether  of 
solid  flesh,  like  the  apple,  or  composed  of 
a  number  of  cells,  contain  what  corre- 
sponds to  the  positive  and  negative  plates 
of  a  storage  battery.  For  instance,  in  the 
apple  the  fleshy  part  constitutes  the  posi- 
tive and  the  core  divided  or  insulated 
from  the  flesh  by  a  thin  skin  is  the  nega- 
tive cell,  the  respective  terminals  being 
the  flower  end  of  the  fruit  and  the  stalk. 
In  the  orange,  on  the  other  hand,  the 
successive  divisions  form  alternately  pos- 
itive and  negative  cells,  insulated'  from 
one  another  by  the  skin  walls,  while  the 
whole  is  completely  insulated  on  the  out- 
side by  the  peel  or  rind. 

To  substantiate  his  theory  one  investi- 
gator secured  an  extremely  sensitive  Kel- 
vin galvanometer,  the  magnetic  reflecting 
indicator  of  which  is  so  light  as  to  he 
suspended  by  a  single  strand'  of  a  spider's 
web.  By  means  of  this  a] 
entist  was  able  to  deflect  the  needle  from 
one  side  to  the  other,  according  to  the 
connection  of  the  stalk  or  flower  ends  of 
the  Fruit  with  the  instrument.     That  such 
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movement  was  not  attributable  to  chemi- 
cal agency  is  borne  out  by  the  fact  that 
by  reversing  the  terminals  of  the  fruit  re- 
versal of  the  direction  of  flow  of  current 
was  obtained.  Again,  such  deflections 
were  not  merely  temporary.  They  lasted 
until  either  the  insulation  of  the  fruit  was 
broken  down  or  decay  had  set  in. 


TRANSMITTING      AND      TRANSFORMING 
HIGH  TENSION  CURRENT. 

Frequently  nowadays  we  hear  of  new 
electric  power  undertakings  where  water- 
falls generate  electricity  which  is  trans- 
mitted in  some  cases  to  distances  of  over 
a  hundred  miles,  even  two  hundred  miles, 
before  it  is  utilized  for  industrial  pur- 
poses.    Most  people  are  conversant  in  a 


most  any  voltage  above  that  required  to 
overcome  the  resistance  of  the  wires,  but 
if  a  low  voltage  were  used,  say  5,000 
volts,  much  larger  wires  would  be  re- 
quired than  with  a  high  voltage.  Exactly 
the  same  principle  applies  as  in  transmit- 
ting a  given  quantity  of  water  through  a 
pipe.  A  thousand  barrels  of  water  might 
be  transmitted  through  a  pipe  in  a  given 
time  but  the  size  of  the  pipe  required  to 
do  the  work  would  vary  inversely  with 
the  pressure  employed  in  forcing  the 
water  through.  As  copper  wire  is  ex- 
pensive, it  therefore  becomes  necessary 
in  transmitting  electricity  long  distances 
to  use  a  very  high  pressure  in  order  to 
keep  the  size  of  the  wires  down  to  eco- 
nomical limits. 


FIG\    1.     SWITCHING    APPARATUS    IN    TRANSFORMER    STATION. 


general  way  with  the  methods  of  gener- 
ating the  current  bv  turbine  driven  dyna- 
mos but  the  methods  employed  in  trans- 
mitting and  distributing  the  current  in- 
volve apparatus  and  equipment  new  to 
the  majority. 

In  the  first  place,  the  electric  current 
cannot  be  transmitted  over  great  dis- 
tances at  the  voltage  at  which  it  is  gen- 
erated, that  is.  economically.  The  rea- 
son for  this  is  simple.  Suppose  it  is  de- 
sired to  transmit  1,000  horsepower  100 
miles.     This  might  be  done  by  using  al- 


As  dynamos  are  most  economically 
built  to  develop  5,000  to  10,000  volts, 
which  is  not  high  enough  to  force  the 
current  over  long  distances  it  becomes 
necessary  to  use  what  are  known  as 
transformers  to  raise  the  voltage  of  the 
current.  It  will  be  interesting  to  many 
to  see  what  these  transformers  look  like. 
In  Fig.  1  are  to  be  seen  four  of  them 
as  installed  in  a  large  power  house  in 
Norway  near  Kyykelsrud.  These  trans- 
formers, wdiich  stand  10  or  12  feet  high 
are  simply  oil  filled  cases  containing  two 
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great  coils  of  wire,  the  coils  being  wound 
one  over  the  other  and  insulated  from 
each  other.  One  coil  containing  a  few 
turns  is  connected  to  the  dynamo,  the 
other,  containing  many  turns  is  connect- 
ed to  the  transmission  line.  In  this  case 
the  voltage  is  raised  from  25,000  to 
50,000. 

Current  from  this  Norwegian  plant  is 
transmitted  about  50  miles  to  the  city  of 
Christiania.  The  frontispiece  in  this 
issue  shows  the  transmission  line  which 
carries  this  enormous  voltage.  It  is  very 
substantially  built,  and  neatly,  so  as  to  be 
an  ornament  to  the  landscape. 

After  the  .current  has  been  transmitted 


current  there  be  no  confusion  of  wires 
and  conductors  and  that  everything  be  as 
convenient  as  possible  for  the  operator 
in  manipulating  his  various  switches  and 
directing  the  current  out  over  the  vari- 
ous lines  in  the  city. 


FIG.     2.      OIL-COOLED     TRANSFORMERS. 

at  high  voltage  from  the  point  of  gen- 
eration to  the  locality  where  it  is  to  be 
used  it  arrives  at  a  little  lower  voltage 
than  it  started  out,  owing  to  the  line  loss, 
but  still  much  too  high  to  be  used  with 
safety  by  the  consumer.  It  must  there- 
fore be  stepped  down  in  voltage  again  by 
another  set  of  transformers  similar  to 
those  employed  to  raise  it  at  the  gener- 
ating station.  To  handle  the  high  volt- 
age current  in  this  step-down  transform- 
er station  with  safety,  and  to  subdivide  it 
for  the  different  distribution  lines,  more 
apparatus,  such  as  switches,  measuring 
instruments,  etc.,  arc  required.  Fig.  2 
shows  this  apparatus  in  the  step-down 
transformer  station.  Everything  is  ar- 
ranged with  neatness  and  symmetry,  for 
it  is  essential  that  with  this  higfh  voltage 


ZAMBESI  POWER  PLANT  ASSURED. 

Financial  arrangements  have  been  com- 
pleted for  the  construction  of  the  great 
power  plant,  which  has  been  contem- 
plated for  several  years,  at  Victoria  Falls 
on  the  Zambesi  River  in  Africa.  A  new- 
syndicate  has  been  formed  in  London, 
with  a  capital  of  $15,000,000,  which 
practically  controls  the  power  possibili- 
ties in  South  Africa. 

As  to  the  exact  available  power  of  the 
falls,  this  is  a  matter  of  scientific  calcula- 
tion. The  engineers  claim  that  they  have 
a  possibility  of  35,000,000  horsepower. 

One  of  the  remarkable  features  of  the 
falls  is  the  mighty  gorge  into  which  the 
floods  pour.  This  gorge  is  over  40  miles 
long,  and  the  water  within  it  falls  so 
rapidly  that  an  enormous  power  can  be 
developed  outside  the  falls  themselves. 
Within  15  miles  there  is  a  fall  of  700 
feet;  and  a  thousand-foot  fall  could  be 
made  within  about  20  miles.  Indeed,  it 
is  said  that  a  canal,  which  would  cos: 
comparatively  little  to  construct,  could  be 
so  made  that  it  would  develop  one  mil- 
lion horse  power.  This  is  almost  four 
times  as  much  as  the  total  horsepower 
now  used  in  the  Transvaal. 

As  to  the  utilization  of  the  power  to  be 
developed  by  Victoria  Falls,  it  will  com- 
prise the  greater  part  of  South-central 
Africa.  Victoria  Falls  is  just  about  - 
miles  from  Beira  on  the  India  Ocean.  It 
is  a  little  more  than  600  miles  from  Jo- 
hannesburg, and  a  like  distance  away 
from  the  greal  copper  mountains  of  the 
Kongo  Free  State.  Within  that  radius 
would  come  more  than  a  thousand  miles 
<^i  the  Cape  to  Cairo  Railroad,  all  of 
two  thousand  miles  of  the  railr 
Rhodesia  and  a  large  portion  of  the 
mines  o\  the  Transvaal.  It  would,  com- 
prise hundreds  of  small  gold  mines  in 
Rhodesia  and  the  great  deposits  of  iron 
which  lie  between  the  Zambesi  and  the 
Kongo  Free  State.  The  ore  from  these 
mines  inav  be  turned  into  pig  iron  by  tin 
power  from  the  falls. 
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FREIGHT  TUNNELS  UNDER  THE 

STREETS  OF  CHICAGO 

Many  people  who  are  residents  of  Chi- 
cago are  still  unaware  that  40  feet  below 
the  surface  of  its  principal  business 
streets  there  is  an  elaborate  system  of 
tunnels  which  now  reach  an  aggregate 
length  of  over  56  miles.  Within  what  is 
known  as  the  loop  district  of  the  city, 
said  to  contain  more  human  beings  than 
any  other  equal  area  on  the  face  of  the 
earth,  these  tunnels  have  been  laborously 
excavated   under    every   street.      Lateral 


pie     moving      on      the      street      above. 

The  tunnels  themselves  are  virtually 
concrete  tubes,  oval  in  cross  section, 
with  a  flat  bottom  for  the  railway  track. 
The  standard  single  tubes  are  seven  feet 
six  inches  in  height  by  six  feet  wide.  In 
constructing  the  tunnels  the  concrete  lin- 
ing was  put  in  place  as  fast  as  the  ex- 
cavation progressed. 

The  tubes,  as  already  stated,  are  situ- 
ated under  every  street  in  the  down 
town  district,  and  laterals  are  dug  to  the 
basements  of  many  of  the   large  stores 


CHICAGO    FREIGHT    TUNNELS. 


tunnels  are  now  being  extended  out  to 
the  North,  West  and  South  Sides. 

The  tunnel  system  is  owned  and  op- 
erated by  the  Illinois  Tunnel  Company, 
and  it  was  built  for  the  transportation  of 
merchandise  back  and  forth  between  the 
railway  terminals  and  the  business  places 
within  the  district. 

A  tour  through  the  tunnel  system  is 
extremely  interesting,  for  there,  far  be- 
low the  surface  of  the  street,  is  an 
electric  railway  system  operated  by 
electric  locomotives,  no  sounds  from 
which  ever  reach  the  throngs  of  peo- 


and  office  buildings.  At  the  present  time 
there  are  over  90  such  connections  made. 
This  is  where  the  usefullness  of  the  sys- 
tem becomes  apparent.  Coal  may  be 
brought  from  the  freight  yards  and  de- 
posited direct  from  the  tunnel  cars  in 
the  boiler  rooms  of  the  buildings,  that  is, 
where  the  basements  are  excavated  to 
the  depth  of  the  tunnels,  which  is  the 
case  with  most  of  the  newer  buildings. 
In  the  older  buildings  a  shaft  is  dug 
down  to  the  tunnel  and  elevators  pro- 
vided for  lifting  the  cars  and  their  con- 
tents   into    the    buildings.      Merchandise 
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of  all  kinds  may  be  hauled  from  the  busi- 
ness places  to  the  depots  with  great  fa- 
cility, and  the  large  retail  stores  will 
make  use  of  the  extensions  to  the  North, 
West  and  South  Sides  to  send  goods  to 
wagon  delivery  stations  located  at  points 
on  these  extensions. 

The  cars  are  drawn,  several  in  a  train, 
by  electric  locomotives  which  take 
current  from  an  overhead  trolley  wire 
which  is  strung  through  the  tunnels 
on  special  insulated  hangers  attached 
directly  to  the  roof,  the  construction 
being  similar  to  that  used  in  mines 
where  electric  haulage  is  employed. 
The  locomotive  is  low  and  compact, 
the  trolley  pole  beng  mounted  on  a 
pedestal  support  on  top.  Current 
after  passing  through  the  motors  returns 
to  the  station  through  the  track  rails  as 
in  surface  railway  systems. 

A  very  important  work  accomplished 
by  the  tunnel  system  is  the  removal 
of  debris  from  wrecked  buildings  and 
from  the  site  of  building  excavations. 
It  is  interesting  to  watch  the  process 
of  destruction  of  a  brick  or  stone 
structure  which  is  being  removed  to 
make  room  for  one  of  a  larger  and 
more  modern  character.  After  the 
interior  parts  of  value  have  been  re- 
moved, the  work  of  destruction  pro- 
ceeds from  the  top  downward,  and 
bricks,  mortar,  plaster  and  all  refuse  are 


FREIGHT   TUNNEL    LOCOMOTIVE. 

thrown  down  through  shafts  which  have 
been  dug  to  the  tunnels  below.  Gradual- 
ly the  building  disappears,  literally  into 
the  bowels  of  the  earth,  and  the  refuse  is 
drawn  away  through  the  tunnels  to  the 
shore  of  Lake  Michigan,  where  it  is  used 
as  filling  in  Grant  Park. 


FREAK  LIGHTNING  STROKE. 

During  a  severe  electrical  storm  in 
Franklin,  N.  H.,  a  bolt  of  lightning  en- 
tered a  house  through  the  telephone 
wires.  After  burning  out  the  fuses,  the 
charge  passed  through  the  wall  into  a 
room,  leaving  some  peculiar  marks  of  its 
progress.     Several  holes  were  pierced  in 


RESULTS      OF     A      FR^EAK      LIGHTNING 
STROKE. 


the  plastering,  and  one  of  these,  indi- 
cated by  the  arrow,  was  almost  perfect- 
ly round,  as  if  a  hot  iron  had  been  thrust 
through  a  plate  of  butter.  The  plaster 
around  the  holes  was  pulverized  to  a 
fine  powder. 


There  are  no  cities  of  any  note  in  the 
Japanese  Empire  that  do  not  possess  a 
system    of   electric    cars,    omnibuses,    or 
motor  cars,  and  almost  every  important 
place  or  pleasure  resort  in  the  country  is 
connected    with   the   main   cities   by 
of  the  means  of  locomotion  mention 
so  that  the  capital  invested  in  such  un- 
undertakings   has   reached   an    enorm 
amount.     There   are   eight   electric   lines 
running,   with  an   aggregate   capital 
$18,530,000  gold.    Adding  smaller  com- 
panies   and    several    enterprises    not 
opened,  the  aggregate  capital  o\  all  the 
lines — those  in  operation  or  about  to  be 
operated — reaches  a   g  wer 

$50,000,000,   with   a   mileage   of   545. 
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LAMP  TESTING  WATT  INDICATOR. 

A  practical  demonstration  of  the  won- 
derful efficiency  of  the  new  metallic  fila- 
ment incandescent  lamps  will  often  aid 
in  their  introduction  among  users  of 
electric  lamps  to  whom  seeing  is  believ- 
ing. A  small  instrument  known  as  a 
lamp  testing  watt  indicator  shown  in  the 
accompanying  cut  gives  a  practical  dem- 


ELECTRIC  BLOWER  FOR  FURNACES. 

The  need  is  apparent  for  some  aid  to 
the  natural  draft  in  hot  air  furnaces  used 
for  heating  residences,  as  the  natural  air 
currents  from  the  furnace  fail  to  prop- 
erly heat  one  or  two  rooms  in  almost 
every  house.  Even  when  the  maximum 
heating  power  of  the  ordinary  furnace  is 
secured,  there  are  almost  always  certain 
rooms  which  cannot  be  kept  comfortably 
warm. 

The  expedient  has  often  been  tried 
successfully  of  using  an  ordinary  electric 
disk  fan  as  a  furnace  blower  with  a 
noticeable  improvement  in  the  distribu- 
tion of  heat,  but  the  best  results  cannot 
be  obtained  with  fans  of  the  ordinary 
type.      A    special    furnace    blower    has, 


LAMP   TESTING   WATT   INDICATOR. 

onstration  of  the  relative  watt  consump- 
tion of  metallic  and  carbon  filament 
lamps.  This  instrument  is  intended  for 
use  with  Edison  base  lamps,  but  can  be 
provided  with  an  adapter  permitting  its 
use  with  either  a  Thomson-Houston  or 
Westinghouse  socket  or  lamp  base.  The 
instrument  is  of  the  portable  type  and 
can  be  carried  in  the  pocket. 

To  use  the  instrument,  the  plug  is 
screwed  into  a  lamp  socket  and  the  lamp 
to  be  tested  is  inserted  in  the  receptacle 
-at  the  bottom  of  the  instrument.  The 
pointer  will  then  indicate  the  watts  con- 
sumed by  the  lamp.  The  plug  end  of 
the  instrument  is  equipped  with  a  spring 
contact  end,  permitting  an  extra  turn 
so  that  the  scale  may  always  be  in  view. 


ELECTRIC    FURNACE    BLOWER. 

however,     been     developed,     which     is 
shown  in  the  illustrations  herewith. 

This  electric  blower  consists  of  a  spe- 
cial Emerson  motor  equipped  with  six 
blade  quiet  fan,  and  mounted  substan- 
tially in  a  sheet  iron  casing  with  cover 
and  handle.  As  shown  in  the  engrav- 
ing, the  blower  outfit  is  placed  in  the 
cold  air  box  of  the  furnace,  fitting  into 
an  opening  about  nine  by  15  inches  in 
the  top  of  the  box.  The  action  of  the 
fan   forces   increased   quantities   of  cold 
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Switch  for  Electric  Fan 


METHOD    OF   INSTALLING  ELECTRIC    FURNACE    BLOWER. 


air  into  the  air  chamber  of  the  furnace 
to  be  heated  by  contact  with  the  surface 
of  the  furnace  body,  and  assists  the  nat- 
ural tendency  of  the  heated  air  to  rise 
through  the  radiating-  pipes  to  the  rooms 
above. 

The  outfit  may  be  connected  by  attach- 
ment plugs  to  any  convenient  electric 
light  socket  in  the  cellar.     However,  it 


is  recommended  that  special  wiring  be 
installed  for  the  motor  as  shown  in  the 
diagram,  providing  for  starting  and 
stopping  the  motor  from  an  indicating 
switch  in  the  hall  or  room  above.  If 
this  plan  of  installation  is  followed,  the 
maximum  results  in  increased  comfort 
and  economical  distribution  of  heat  will 
be  secured. 


ELECTRIC   FROST  FORETELLER. 

Scientific  fruit  raising  in  the  larger 
orchards  of  the  irrigated  belt  in  the  Far 
Northwest  has  been  benefited  by  an  in- 
vention, the  credit  of  which  is  thought 
to  belong  to  some  unknown  Chinaman. 
This  is  the  electric  frost  foreteller.  A 
little  thermometer  is  set  to  declare  itself 
on  the  safe  side  of  the  frost  line,  and 
when  the  releasing  limit  is  reached,  the 
mercury  in  the  tube  closes  an  electric 
circuit,  ringing  a  bell  in  the  orchardist's 
bedroom.     The  next  step  is  a  hasty  visit 


to  the  orchard  where  are  located  at  inter- 
vals covered  pots  tilled  with  crude  pe- 
troleum. To  each  of  these  he  touches  a 
match  or  torch.  A  dense  smudge  then 
envelops  the  trees  and  the  danger  is 
over;  the  lids  are  put  back  and  the  tires 
go  out.  An  inspector  of  these  orchards 
says  the  smudge  pots  will  keep  the  orch- 
ards eight  degrees  warmer  than  those 
not  supplied  with  them,  and  they  have 
frequently  been  brought  safely  through 
cold  nights  that  have  ruined  the  products 
of  adjoining  ranches. 


SIXTEEN     THOUSAND    HORSEPOWER    FROM    A 
MOUNTAIN  STREAM. 


The  peculiar  spectacle  of  water  car- 
ried through  a  mountain  side  to  drive 
the  turbines  of  an  electric  power  plant 
is  presented  by  an  hydroelectric  installa- 
tion near  the  village  of  Schiliene. 
France.  Water  is  carried  through  the 
mountain    side    by    a    penstock    over    10 


it  takes  its  long  plunge  down  the  dark 
tunnel  through  the  mountain  and  is 
hurled  with  tremendous  force  against 
the  blades  of  the  turbines.  The  head  of 
water  is  183  feet  and  the  pressure  at 
the  foot  of  the  penstock,  corresponding- 
lv  high,  so  that,  as  comoared  with  low- 
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SCHILIENE    WATER     POWER    ELECTRIC    PLANT. 


feet  in  diameter,  as  shown  in  one  of  the 
pictures.  This  penstock  delivers  enough 
water  to  the  turbines  to  generate  8,000 
horsepower.  Provision  is  also  made  for 
another  penstock  of  the  same  capacity 
so  that  the  power  house  will  have  ulti- 
mately eight  groups  of  turbines  and  elec- 
trical generators  of  2,000  horsepower 
each. 

Away  up  in  the  mountains  a  small 
stream  has  been  damned  to  furnish  a 
continuous  supply  of  water.  One  of  the 
illustrations  shows  the  head  gates  and 
controlling  works.  Water  is  taken  from 
the  controlling  works  and  carried  by  a 
canal  to  the  head  of  the  penstock ;  then 


head  water  power  developments,  the 
quantity  of  water  required  is  small. 

The  four  direct  connected  dynamos 
or  generators  in  the  power  house  are  all 
provided  with  flywheels  between  the 
hydraulic  turbine  and  the  generator, 
which  is  of  the  alternating  current  type, 
the  connection  being  made  by  a  flexible 
coupling  on  the  side  of  the  flywheel 
nearest  the  generator.  The  machines  od- 
erate  at  a  speed  of  375  revolutions  a 
minute. 

The  small  dynamo  shown  in  the  left 
foreground  of  the  interior  view  is  what 
is  known  as  an  exciter.  An  exciter  is 
an  ordinary  dynamo  of  small  size,  which 
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HEAD  GATES  AND   CONTROLLING  WORKS,    SCHILIENE    PLANT. 


generates  direct  current  and  forces  it 
around  through  the  field  coils  of  the 
main  dynamo,  energizing  them,  so  that 
the  main   dynamo  can  produce  current. 


Alternating  current  dynamos  such  as 
are  used  in  this  installation  must  have 
one  of  these  small  externally  driven  dy- 
namos   to    energize    their    fields,    as    al- 


DYNAMO    ROOM    IX   SCHIUENE   PLANT. 


358 


POPULAR   -ELECTRICITY 


ternating  current  will  not  do  the  work. 
A  direct  current  dynamo,  on  the  other 
hand,  usually  excites  its  own  field  right 
from  its  armature  circuit,  as  it  produces 
the  kind  of  current  that  is  required 


A  PUSH-BAR  SNAP  SWITCH. 

Once  in  a  while  an  invention  is  made 
that  is  not  evolutionary,  but  revolution- 
ary. This  applies  not  only  to  big  things 
but  also  to  as  small  a  mechanism  as  a 
snap  switch — small  in  size  only,  for  a 
snap  switch  is  a  necessity  wherever  elec- 
tric lighting  current  goes  and  millions 
are  in  use. 

The   simple  mechanism  shown  by  the 


PUSH    BAR. 


MOVING  CONTACT. 


STEEL    SPRING. 


accompanying  illustrations,  made  by  a 
prominent  Milwaukee  concern,  resem- 
bles none  heretofore  made.  Push  one 
end  of  the  push-bar  and  you  open  the 
circuit  with  a  quick  snap ;  push  the 
other  end  and  the  circuit  is  closed — with 
an   equally   quick   snap. 

The  principle  embodied  in  this  switch 
mechanism  is  that  of  a  coiled  spring 
contracting  on  a  tapering  surface— the 
action  being  similar  to  that  of  a  rubber 
ring  slipped  over  the  knob  of  an  um- 
brella, or  a  coiled  wire  sleeve  supporter, 
which,  when  passed  over  the  elbow  will 
travel  a  short  distance  up  or  down  the 
arm  of  itself. 

The  three  small  illustrations  indicate 
the  only  mechanism  necessary  to  make 
and  break  the  circuit,  ^irst  there  is  the 
push-bar,  made  of  very  hard  and  smooth 
non-conducting  material,  with  an  en- 
larged center  portion.  Then  there  is  the 
little  coiled  spring  which  fits  over  the 
push-bar,  having  to  stretch  considerably 
to  pass  over  the  enlargement.  Finally 
there  is  the  little  contact  piece  of   cop- 


per inside  which  the  spring  is  mounted, 
and  which,  when  the  switch  is  closed, 
bridges  across  the  two  terminals  and 
closes  the  circuit. 

The  larger  illustration  shows  a  pend- 
ant type  switch  embodying  the  principle, 
which  principle  is  the  same  in  all  the  vari- 
ous forms  in  which  the  switch  is  made. 
When  the  wires  are  attached  to  the 
terminals  in  a  cavity  in  the  shell,  the  two 
halves  are  closed  and  held  in  place  by 
screws. 

Pushing  the  bar  very  slowly,  by  way 
of  experiment,  the  internal  mechanism 
does  not  respond  until  the  widest  portion 
of  the  push-bar  slips  through  the  coiled 
spring  and  then — click! — the  contact 
piece  snaps  over  to  the  other  side  faster 


INTERIOR     OF     PUSH-BAR    SNAP     SWITCH. 

than  the  eye  can  follow  it,  and  the  cir- 
cuit is  closed.  Push  the  bar  in  the  oppo- 
site direction  and  the  contact  piece  is 
thrown  the  other  way,  opening  the  cir- 
cuit. 

This  principle  is  applied  to  the  vari- 
ous types  of  switches  in  common  use, 
such  as  the  ordinary  wall  switch,  for 
turning  on  the  lights  as  you  enter  a 
room,  the  pendant- switch  for  turning  on 
lights  that  are  high  up  or  out  of  reach, 
and  the  lamp  base  switch  to  which  an 
ordinary  incandescent  lamp  is  attached. 
The  exterior  parts  of  these  switches  are 
of  porcelain  instead  of  metal,  which  is 
another  unusual  feature,  and  there  is 
consequently  no  possible  way  of  getting 
a  shock  from  them. 
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ELECTRIC  DREDGES  FOR    GOLD  PLACER 

MINING 

Where  hydroelectric  power  is  avail- 
able, as  in  California,  electrically  oper- 
ated gold  dredges  are  utilized  in  placer 
gold  mining  to  great  advantage.  The 
accompanying  illustration  shows  an  elec- 
tric gold  mining  dredger  at  Orovilie, 
Cab,  which  is  said  to  be  working  the 
hardest  ground  in  California  and  doing 
the  work  with  remarkable  results. 

It  is  well  known  that  crude  as  were 
the   early   devices   for  treating  the   rich 


therein  should  be  thoroughly  tested, 
either  by  drilling  or  by  test  shafts.  When 
this  has  been  done  and  the  value  proven, 
the  last  unknown  quantity  in  the  dredg- 
ing proposition  has  been  solved,  since 
the  price  of  the  land  and  the  cost  of  the 
dredge  can  always  be  readily  ascer- 
tained. The  other  details,  such  as  power. 
fhe  length  of  time  that  the  dredge  can 
be  worked  per  year  and  cost  of  trans- 
portation are  small  items  which  can  be 
calculated  for  a  certainty  before  hand. 
The  gold  dredge  of  to-day  consists  c^ 


ELECTRIC     GOLD     DREDGER. 


placer  grounds  and  extracting  the  latent 
fortunes  deposited  there  by  the  forces 
of  nature,  yet  men  continued  for  years 
to  pan  and  sluice,  and  rock  and  waste, 
until  the  modern  dredger  made  its  ad- 
vent to  the  astonishment  of  the  minim 
world. 

It  is  maintained  that  the  best  sort  of 
a  gold  dredging  proposition  to  be  found 
is  one  where  the  ground  is  nearly  level, 
containing  a  soft  bedrock  and  free  from 
a  great  quantity  of  very  large  boulders. 
In  every  instance  it  must  be  home  in 
mind  that  adequate  facilities  are  neces 
sary  for  supplying  the  pond  with  a  small 
quantity  of  water.  When  such  a  piece 
of  property  has  been  located,  the  values 


a   chain  of   digging   buckets,   carried   OR 
a  steel  girder  termed  a   "ladder."  which 
is   hinged   at   the   top   end   on   a   tumbler 
gantry   and    supported   at   the    lower 
by  steel  ropes  am!   .-neaves.   which  all 
the  ladder  to  he  raised  and  lowered,  and. 
a  set  of  side  ropes  feeding  the  ladder  in 
a     horizontal     direction.      The     buckets 
dump    the     material     into    a    -   cl<     ":ncd 
chute   or  rock   box.   which   in   turn   f< 
the  material   into  a   revolving  screen. 

The  perforated  plates  in  thi  - 
separate  all  the  coarse  material  from  tin 
"tines."  Inside  the  screen  is  a  water 
pipe  fitted  with  no. vies.  The  water  de- 
livered at  a  high  pressure  through  these 
nozzles,  thoroughly  washes  off  all 
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from  the  large  boulders  as  they  roll 
around  in  the  screen.  The  coarse  mate- 
rials or  tailings,  are  carried  up  and 
stacked  at  the  stern  of  the  dredge,  while 
the  "fines"  containing  the  gold  are  treat- 
ed on  patent  gold  saving  tables. 

The  driving  machinery  winches, 
pumps  and  electrical  apparatus  are  all 
mounted  on  a  barge  or  hull  and  we  have 
an  arrangement  called  a  gold  dredge. 

It  is  stated  that  the  speed  of  the  bucket 
chain  is  about  55  to  65  feet  per  minute. 
depending  on  the  hardness  of  the 
ground.  The  actual  capacity  depends  on 
hardness,  the  size  of  gravel  and  the  abil- 
ity of  the  winchman  to  dig  full  buckets. 
The  output  on  Oroville  ground  is  8,080 
cubic  yards  (bank  measure)  in  140 
hours,  or  57  cubic  yards  per  hour. 


ILLUMINATION  OF  PICTURE    GALLERIES 

Theoretically,  artificial  lighting  of  pic- 
ture galleries,  being  under  control,  ought 
to  enable  the  artist  to  secure  special  ef- 


ILLUMINATION  OF  THE  HEINEMAINN  PIC- 
TURE   GALLERY. 


fects  that  he  otherwise  could  not  hope  to 
attain. 

Paintings    have   been    found   to    dete- 
riorate  rapidly    when    exposed    to   the 


ftimes  of  combustion  emitted  by  certain 
illuminants  and,  until  the  advent  of  elec- 
tric lighting,  many  of  the  large  galleries 
were  not  illuminated  artificially.  The 
electric  incandescent  lamp,  the  arc  lamp, 
Moore  tubes,  etc.,  however,  now  offer 
abundant  means  of  artificial  lighting 
which  will  not  injure  the  pictures  and 
which  in  many  instances  will  bring  out 
the  artist's  conception  better  than  day- 
light. 

Some  pictures  require  individual  lights 
to  obtain  the  proper  effect  while  others 
require  the  softer  glow  of  diffused  light, 
in  either  case  electric  lamps  of  one  type 
or  another  are  used  in  all  picture  gal- 
leries. It  is  necessary,  however,  to  study 
the  question  scientifically  and  also  to 
study  the  object  which  the  artist  had  in 
view. 

When  the  object  in  view  is  to  repre 
sent  as  nearly  as  possible  the  correct 
colors  of  the  paintings,  some  form  01 
diffused  lighting  is  generally  used.  An 
example  of  this  method,  using  enclosed 
arc  lamps  is  shown  by  the  accompanying 
cut,  reproduced  through  the  courtesy  of 
the  London  Illuminating  Engineer.  This 
picture  is  an  interior  view  of  the  Heine- 
mann  Picture  Gallery  in  Munich,  Ger- 
many. 


WATER  PURIFICATION  BY   OZONE. 

A  plant  for  demonstrating  the  efficien- 
cy of  ozone  in  the  purification  of  public 
water  supplies  has  been  completed  on  the 
banks  of  the  lower  Schuylkill,  in  West 
Philadelphia.  Records  show  that  the  raw 
water  of  the  Schuylkill,  at  the  point 
where  it  is  taken  from  the  river,  is  noth- 
ing but  diluted  sewage.  It  contains  as 
high  as  2,500,000  bacteria  per  cubic  cen- 
timeter, which  is  twenty  drops.  After  a 
rough  straining,  to  remove  the  coarser 
particles  of  suspended  matter,  the  water 
contains  from  253,000  to  700,000  bac- 
teria. After  ozonization  it  contains  from 
five  to  55,  the  average  being  25.  The  25 
bacteria  which  are  left  are  of  the  harm- 
less varieties,  mainly  the  hay  bacillus, 
which  has  no  effect  whatever  on  the  hu 
man  organism.  The  offensive  odor  of 
the  water  is  also  destroyed,  and  its  dis- 
coloration removed. 

The  process  is  entirely  mechanical  and 
automatic.  An  electric  switch  is  turned, 
two  or  three  valves  are  opened,  and  the 
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operation  needs  no  further  attendance. 
Electric  current  is  taken  from  the  city's 
wires  to  operate  a  motor  generator,  pro- 
ducing a  current  of  100  cycles,  which  is 
raised  by  transformers  and  condensers  to 
a  10,000  voltage.  By  the  operation  of 
reactance  coils  and  condensers,  voltaic 
arcs  and  sparks  are  prevented,  and  the 
current  passes  as  a  pencil  of  blue  light 
from  each  of  several  millions  of  metallic 
discharge  points  across  a  short  air  gap  to 
nickel  receivers.  Atmospheric  air  is 
drawn  across  this  gap  by  means  of  an  air 
pump,  and  in  so  passing  is  partially  con- 
verted into  ozone.  The  ozonized  air  is 
then  forced  through  a  stand  pipe,  in 
which  it  meets  a  current  of  water  flow- 
ing in  the  opposite  direction.  The  con- 
tained bacteria  are  instantly  destroyed 

The  reason  of  this  is  extremely  simple. 
Chemical  analysis  of  the  bodies  of  bac- 
teria show  that  they  are  made  up  of  84 
per  cent  of  water  and  about  16  per  cent 
of  solids.  Of  these  solids  more  than  half 
is  made  up  of  carbon.  The  strong  affinty 
of  oxygen  for  carbon  is  well  known. 
Ozone,  being  a  concentrated  form  of 
oxygen,  has  an  even  greater  affinity  for 
carbon,  and  the  moment  a  bacillus  comes 
in  contact  with  a  bubble  of  ozonized  air 
the  carbon  of  its  body  combines  with 
oxygen,  and  the  bacillus  is  consumed  as 
completely  as  if  it  had  touched  a  flame. 
Indeed,  the  process  is  analagous  to  that 
of  combustion.  Just  as  though  burnt  up, 
nothing  remains  of  the  bodies  of  the  bac- 
teria but  carbonic  acid  gas,  which  par- 
tially rises  to  the  surface  of  the  water 
and  passes  off  into  the  air,  and  is  par- 
tially taken  up  by  the  water. 


ELECTRICIAN'S  DRILL  HOLDER. 

The  electrician  who  is  in  the  habit  of 
carrying  in  his  already  overfilled  kit  a 
variety  of  sizes  of  drills — all  in  full  12- 


is  light,  but  solid  and  substantial,  enabl- 
ing a  firm  hold  to  be  taken  and  a  sclic' 
blow  struck.  The  drills  are  short  and 
provided  with  ends  shaped  to  fit  the  hold- 
er. They  are  made  with  1-4,  5-16,  3-8, 
7-16  and  1-2  inch  bits.  The  entire  set  of 
special  drill?  and  the  holder  itself  can  be 
slipped  into  the  pocket. 


KLECTKICIAN'S    DK1LL    HOLOKR. 

inch  lengths — will  appreciate  the  Star 
drill  holder  and  set  Of  drills  shown  in 
the  accompanying  cut.     The  drill  holder 


ELECTRIC    DISCHARGES    TO     INCREASE 
GRAIN    YIELD. 

Sir  Oliver  Lodge,  the  noted  English 
scientist,  recently  carried  out  some  very 
interesting  experiments  in  the  utilization 
of  high  tension,  high  frequency  electric 
discharges  for  increasing  the  yield  of  va- 
rious grains.  In  a  recent  report  on  this 
subject  Sir  Oliver  explains  the  method 
and  the  results  obtained. 

The  method  is  to  stretch  over  the  field 
to  be  treated  a  number  of  wires  on  poles. 
something  like  low  telegraph  wires,  but 
high  enough  for  loaded  wagons  and  all 
the  usual  farming  operations  to  go  on 
underneath  the  wires. 

The  wires  are  quite  thin,  and  are  sup- 
ported by  a  few  posts  in  long  parallel 
spans  about  thirty  feet  apart.  They  are 
supported  on  the  posts  by  elaborate  high 
tension  insulators,  and  they  extend  over 
all  the  acreage  under  experiment,  anoth- 
er similar  plot  being,  of  course,  left 
without  any  wires. 

The  system  of  conductors  is  then  con- 
nected at  one  post  with  a  generator  sup- 
plying positive  electricity  at  a  potential 
of  something  like  a  hundred  thousand 
volts,  and  with  sufficient  power  to  main  ■ 
tain  a  constant  supply  of  electricity  at 
this  potential. 

Leakage  immediately  begins,  and  the 
charge  fizzes  off  from  the  wires  with  a 
sound  which  is  sometimes  audible,  ami 
with  a  glow  which  is  visible  in  the  dark. 

Any  one  walking  about  below  the 
wires  can  sometimes  feel  the  effect  on 
the  hair  of  the  head,  as  of  a  cobweb  on 
the  face.  He  is  then  feeling  the  stimulat- 
ing action  of  the  electrification. 

The  electrification  is  maintained  for 
some  hours  each  daw  but  is  shut  off  at 
night.  The  power  required  to  generate  the 
electricity  is  very  small,  for  although  the 
potential  is  high  the  quantity  is  ins;;- 
cant,  and  the  energy  is  accordingly  com- 
paratively trivial. 


FLASHING  ELECTRIC  SIGNS 

BY  EGBERT  REYNOLDS  DULL. 


To  the  layman  this  is  no  doubt  a  sub- 
ject that  he  has  passed  by  with  the  mere 
supposition  that  the  fantastic  and  spec- 
tacular effects  which  he  sees  in  electric 
signs  are  produced  by  a  machine,  and  that 
is  where  his  knowledge  generally  ends. 

Wherever  you  see  moving  and  chang- 
ing electric  lights  in  any  form,  the  effect 
is  produced  by  what  is  known  as  a  flash- 
er.   The  name  describes  the  machine.     A 


bon,"  "Chaser,"  "Series/"  "Flag,"  "High 
Speed,"  "Script  Breaker,"  "Lightning." 
and  ''Combination.''  It  is  the  effect  from 
these  machines  with  which  the  public  is 
most  familiar. 

The  Single  Pole  type  of  machine  is  bet- 
ter known  to  the  public  as  the  machine 
that  spells  out  one  letter  at  a  time  on  a 
sign.  It  is  nothing  more  or  less  than  a 
number  of  electric  switches  of  a  peculiar 
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FIG.     1.     SIGN    REQUIRING    THE    COMBINATION   OF  FrVE  FLASHERS. 


traveling  salesman  in  attempting  to  sell 
flashers  will  bring  out  two  principal 
points ;  first,  that  they  cut  the  cost  of 
burning  any  sign  almost  in  half,  and  sec- 
ondly, that  they  compel  a  person  to  look 
at  the  sign  whether  he  wishes  to  or  not. 
Both  of  these  are  true,  and  in  order  to 
carry  out  the  customer's  ideas  of  economy 
and  attractiveness,  the  manufacturer  of 
these  devices  is  compelled  to  carry  at 
least  20  different  types  in  stock,  to  say 
nothing  of  an  unlimited  number  of  sizes 
of  each  particular  type  for  the  different 
purposes.  Principal  among  the  types  of 
sign  flashers  are  the  "Single  Pole."  "Car- 


construction  that  are  raised  and  lowered 
by  means  of  a  series  of  cams  on  a  shaft, 
which  cams  in  turn  are  operated  by  a 
small  motor. 

The  Carbon  type  machine  is  of  an  en- 
tirely different  construction,  containing 
large  heavy  switches,  known  as  the  dou- 
ble pole  type.  This  is  the  kind  of  machine 
that  will  light  a  sign  first  on  one  side  and 
then  the  other,  and  handle  signs  by  whole 
lines  at  a  time.  The  service  being  constant, 
an  ordinary  knife  switch,  with  which  the 
reader  is  familiar,  would  not  answer  the 
purpose.  The  knife  switch  which  you  see 
on  a  wall  is  generally  operated  by  hand 
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three  or  four  times  per  day.  The  flasher 
must  be  able  to  carry  any  kind  of  a  load 
10  to  20  times  per  minute.  This  would 
burn  the  hand  switch  up  in  a  night,  but 
the  flasher  is  so  constructed  that  all  the 
destructive  elements  existing  in  the 
breaking  process  are  taken  care  of  by  car- 
bon contacts,  which  can  be  adjusted  as 
they  wear  and  replaced  when  they  are 
consumed.  This  machine  will  handle  any 
load  up  to  and  including  400  four  candle- 
power  lamps  on  one  switch. 

For  extra  large  loads  ranging  from  500 
to  5,000  lamps,  there  is  used  what  is 
known  as  the  Series  type 
breaks  the  current  at  a 
large  number  of  points 
simultaneously.  If  you 
were  to  attempt  to  break 
such  heavy  current  as  is 
required  for  this  num- 
ber of  lamps,  at  one 
point,  the  arc  would 
jump  across  the  opening 
in  the  switch  and  soon 
destroy  carbon  as  well  as 
anything  else.  But  to 
provide  against  this  the 
current  is  broken  at 
from  four  to  six  points 
simultaneously.  This 
could  be  likened  to  six 
switches  leading  to  the 
same  light,  one  man  op- 
erating each  switch,  and 
at  a  pre-arranged  signal 
all  six  of  the  men  pull- 
ing their  switches  at  the 
same  time.  If  the  switch 
operated  by  any  one  of 
the  men  had  a  tendency 
to  hold  an  arc,  there 
would  be  the  switches  operated  by  the 
five  other  men  breaking  at  the  same  time 
to  assist  him. 

The  Chaser  type  is  known  best  to  the 
public  as  the  "snake"  machine.  It  is  the 
one  which  produces  the  effect  of  snakes, 
rats,  or  whatever  you  are  a  mind  to  call 
them,  running  around  the  edge  of  a  sign. 
This  requires  an  individual  wire  to  be 
run  to  every  lamp  in  the  border.  The 
machine  always  has  a  certain  number  of 
lamps  on  at  one  time,  according  to  the 
length    of    the    object     desired     to     run 


around.  If  the  customer  wants  an  ob- 
ject 10  lamps  long,  when  the  machine 
picks  up  the  eleventh  it  drops  off  the 
first.  When  it  picks  up  the  twelfth  it 
drops  off  the  second,  and  so  on  in  a  con- 
tinuous motion,  very  rapidly,  which  gives 
the  appearance  of  an  object  crawling 
around  the  border.  If  only  one  or  two 
lamps  are  on  at  a  time,  it  will  look  like 
a  flea  hopping  around.  Four  lamps  will 
look  like  a  rat,  six  or  seven  will  look  like 
a  squirrel.  Over  ten  lamps  looks  like  a 
snake. 

The  Flag  type  machine,  as  its  name  in- 
dicates, is  used  principally  for  operating 


fig.  2. 


LARGE   SPECTACULAR   SIGN    OPERATED   BY 

COMBINATION     I'LASHKR, 


waving  tlags.  pennants,  etc.  This  ma- 
chine runs  at  a  very  high  speed  and  gen- 
erally contains  from  15  to  JO  switches. 
Each  switch  breaks  about  120  times  per 
minute.  This  effect  is  virtually  the  re- 
verse o\  a  snake  machine,  because  the 
former  is  a  border  oi  dark  lights  with 
rays  oi  light  traveling  around  it.  wl 
the  latter  is  a  flag  oi  light  with  tolls  of 
darkness  running  down  through  it. 
Those  folds  are  of  varying  widths,  and 
generally  run  from  three  to  ^i\  showing 
in  the  flag  at  all  times.     The  folds  near- 
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est  the  staff  are  short  and  quick,  gradu- 
ally increasing  in  width  as  they  decrease 
in  speed  to  the  outer  end.  By  watching 
a  waving  flag  at  any  time  you  will  notice 
that  this  is  the  natural  condition. 

The  High  Speed  machine  probably  pro- 
duces the  most  spectacular  effects  of  any. 
It  is  used  for  revolving  wheels,  hubs,  and 
circles,  falling  water,  fountains,  smoke, 
steam  and  cloud  effects.  It  is  built  some- 
what on  the  order  of  a  single  pole  ma- 
chine with  the  exception  that  it  must  go 
very  rapidly,  some  making  as  high  as 
250  breaks  a  minute,  on  every  switch  in 
the  machine.     The  proportions  of  dark- 


FIG.   3. 


WAVING  FLAG  EFFECT  FROM 
TIOX  FLASHER. 


ness  to  light  are  arranged  by  the  length 
of  time  the  switches  are  on  as  compared 
with  the  time  off,  and  the  object  to  be  ex- 
hibited determines  the  speed.  A  slowly 
rising  cloud  of  smoke  from  the  end  of  a 
cigar  will  not  run  over  100  breaks  per 
minute,  while  a  stream  of  seltzer  squirt- 
ing out  of  a  siphon  will  run  at  the  rate  of 
250  a  minute. 

The  Script  Breaker  is  the  machine 
which  gives  the  appearance  of  a  script 
sign  being  written  out,  one  socket  at  a 


time.  This  gives  the  appearance  of  an 
invisible  hand  writing  the  name  in  fire. 
In  this  case  every  lamp  is  connected  to 
the  machine  by  its  own  individual  wire. 
The  machine  picks  up  one  lamp  at  a  time 
until  they  are  all  lighted.  While  they  are 
picking  up  it  gives  the  appearance  of  be- 
ing written  out.  After  they  are  all  on, 
they  hold  for  a  feAv  seconds,  then  all  go 
out  together  and  the  sign  repeats. 

The  Lightning  type  of  machine  is  the 
one  that  is  required  to  produce  the  rapid 
motion  across  a  sign.  This  is  utilized  for 
throwing  bombs  in  the  air,  streaks  of 
lightning  going  across  the  face  of  a  sign, 
shooting  a  billiard  ball 
across  a  table,  and  in  fact 
anything  requiring  as 
rapid  motion  as  the  eye 
will  follow.  It  is  very 
similar  to  a  Chaser,  run- 
ning at  a  very  high 
speed. 

The  Combination  ma- 
chines are  those  embody- 
ing  two  or  more  of  the 
previously  described  ma- 
chines. A  Combination 
carbon  and  chaser  would 
give  the  effect  of  rats 
running  around  the  bor- 
der of  a  sign,  while  the 
wording  was  being  flash- 
ed as  a  whole  in  the  mid- 
dle, and  again  there  may 
be  half  a  dozen  different 
sizes  and  combinations  of 
machines  to  produce 
spectacular  displays. 
Such  a  display  is  shown 
in  the  accompanying  il- 
lustration (Fig,  1).  This 
sign  requires  five  different  machines,  all 
mounted  on  the  same  base  and  driven  by 
one  motor.  All  are  connected  together 
by  means  of  chain  gears,  and  running  at 
different  speeds  in  such  manner  that  each 
will  do  its  share  of  work  at  the  proper 
time  to  produce  the  effect  desired. 

This  Combination  machine  contains  the 
following:  The  star  at  the  top  twinkles 
150  times  a  minute  with  a  Single  Pole 
machine.  The  rays  of  the  star  radiating 
downward    are    not    clearlv    visible  be- 
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FIG.     4.      COMBINATION     SIGN     FLASHING     MACHINE. 


cause  they  were  red,  and  red  does 
not  photograph  well.  These  rays 
shoot  downward  constantly  somewhat 
on  the  order  of  the  tail  of  a  com- 
et, which  effect  is  produced  by  a  high 
speed  machine.  Four  times  per  minute 
a  stroke  of  lightning  starts  at  one  point 
and  travels  with  great  speed  all  around 
the  word  "Casino."  This  is  done  with 
the  lightning  type.  The  "Gay  White 
Way"  is  flashed  on  and  off  with  a  carbon 
machine,  while  the  word  "Casino"  is 
flashed  on  and  off  with  a  series  ma- 
chine because  it  is  a  heavier  load  than  a 
carbon  machine  would  carry. 

Fig.  2  shows  another  large  spectacular 
sign  operated  by  means  of  a  combination 
machine.  The  fire  on  the  end  of  the 
cigar,  which  consist.*  of  a  number  of 
amber  and  red  lamps,  lights  up  two  or 
three  times  as  though  someone  were 
drawing  on  the  cigar.  After  puffing  two 
or  three  times,  a  cloud  of  smoke  rises 
ffbm  the  end  of  the  cigar  and  curls  up- 
wards for  a  few  seconds.  Then  the 
wording  is  brought  on,  one  line  after  an- 
other. 

Fig.  3  is  also  operated  with  a  Combin- 
ation machine  consisting  simply  of  two 
kinds,  flag  type  and  a  carbon.  The  pen- 
nant across  the  top  of  the  sign,  which 
is  25  feet  long,  waves  continuously  as 
though  being  blown  by  the  wind,  while 
the  wording  is  flashed  on  one  line  at  a 
time. 

Fig.  4  shows  one  of  the  machines  as 
they  are  arranged.  This  is  a  combination 
of  three  different  types.  It  is  six  feet 
long,  one  foot  wide  and  one  foot  high 
and  weighs  about  200  lbs.  All  the  vari- 
ous contactor  devices  for  turning  on  ami 
off  the  groups  of  lamps  arc  mounted  on 
a  single  shaft  driven  by  an  electric  motor. 

The    various    switches,    levers,    wheels 


and  parts  these  machines  are  all  finished 
ready  for  use,  and,  in  an  emergency,  an 
order  which  is  received  in  the  morning's 
mail  can  be  on  the  cars  at  night.  Such 
a  machine  to  be  built  outright  without 
the  parts  in  stock  would  probably  take 
six  men  a  full  week  of  eight  hours  a  day. 


SIMPLE    METHOD    OF    TESTING   CABLES. 

To  the  Editor  Popular  Electricity: 

Being  a  devoted  reader  of  your  popu- 
lar magazine,  and  especially  interested  in 
electrical  measurements  of  cable,  I  would 
like  to  explain  a  very  simple  test  which 
is  not  generally  known,  but  which  I 
find  with  a  series  of  experiments  is  more 
accurate  than  a  bridge  or  galvanometer 
for  locating  grounds  in  cable.  It  cannot  be 
affected  by  foreign  battery,  heat  or  cold, 
as  with  a  bridge,  therefore  I  think  it 
more  convenient  and  handy  than  a  gal- 
vanometer, especially  so  since  many  of  the 
smaller  exchanges  are  not  equipped  with 
instruments  for  measuring  cable.  When 
trouble  occurs  the  cable  must  then  be 
gone  over  with  a  car,  and  if  no  hole  is 
found  in  the  armor,  as  is  often  the  case 
when  the  cable  is  hit  by  lightning,  it 
must  be  opened  and  tested  until  tie 
trouble  is  located.  If  the  cable  is  a  long 
one,  eight  or  ten  places  will  sometimes 
be  cut  in  the  cable  before  thre  trouble 
is  located.  The  diagram  and  formula 
will  explain  how  the  test  is  made. 

First  get  a  piece  of  fiber  or  board 
about  seven  or  eight  inches  long, 
about  six  inches  wide.  Then  take  a 
piece  o\  German  silver  wire  36  inches 
long,  and  stretch  it  over  the  b 
shown  in  the  diagram.  Now  mark  the 
board  off  in  scale  divisions  oi  one  inch. 
Everything    is    now    ready    tor    *.' 

Find  the  actual  length  in  feci  of  the 
cable    to   be   measured.     Then   sup] 
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one  side  of  the  pair  to  be  measured  is 
grounded.  Go  to  the  cable  box  and  tie 
the  pair  together,  or  in  other  words, 
short-circuit  it,  as  represented  at  (A). 
Then  go  to  the  other  end  and  put  one 
side  of  the  pair  on  the  binding  post 
marked  (i)  in  the  diagram  and  the 
other  on  post  (2).  Then  take  a  head 
receiver   and   put   one   terminal   on    (1) 

line 


ference  in  the  formula,  but  both  sides  of 
the  pair  must  be  of  the  same  size  wire. 

D.  M.  W. 
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SIMPLE   METHOD   OF  TESTING   CABLES. 

and  the  other  on  (2)  with  the  line  to 
be  measured.  Ground  one  side  of  four 
or  five  dry  cells,  and  with  the  wire  from 
the  other  terminal  go  over  the  wire  on 
the  bridge  until  a  point  is  found  on 
the  bridge  where  no  click  is  produced  in 
the  receiver  on  touching  the  wire  to  this 
point.  Note  what  scale  division  the  si- 
lent point  is  on,  then  use  the  following 
formula : 

( 1 )  Multiply  the  length  of  the  cable 
by  2. 

(2)  Multiply  this  product  by  the  si- 
lent point,  and 

(3)  Divide  this  product  by  36. 

For  example,  suppose  the  cable  to  be 
=;oo  feet  long,  and  the  silent  point  to  be 
8. 

500X2=1,000. 

8X1,000=8,000. 

8,OOCK-36=222. 

The  distance  from  you  to  the  fault 
is  therefore  222  feet ;  or  500  —  222  is  278. 
the  distance  in  feet  from  the  cable  box. 

If  both  sides  of  the  pair  to  be  meas- 
ured are  grounded,  take  another  clear 
pair,  and  use  each  pair  as  one  side  of 
one  pair. 

The   size  of  the  wire  makes  no   dif- 


READING  THE  WATTMETER. 

BY  C.    O.   DUNTEN. 

XJsers  of  electrical  power  are  prone 
to  look  with  more  or  less  suspicion  upon 
their  wattmeter.  This  is  due  in  part  to 
the  somewhat  mysterious  character  of 
the  power  measured  and  in  part  to  the 
inability  of  the  consumer  to  intelligibly 
translate  the  meter  reading  into  the 
monthly  bill  from  the  power  company. 
Much  more  amicable  relations  would  ex- 
ist between  the  power  company  and  the 
consumer  if  this  condition  of  affairs 
could  be  obviated. 

Integrating  wattmeters  record  the 
sum  of  all  the  power  consumed  since  the 
dial  pointers  were  last  in  the  zero  posi- 
tion. In  some  wattmeters  this  power  is 
read  directly  from  the  dials,  while  in 
other  wattmeters  the  dial  reading  must 
be  mulitplied  by  some  constant  which  is 
usually  given  on  the  wattmeter  face  be- 
low the  dials.  To  get  the  amount  of 
power  consumed  during  any  one  month 
it  is  necessary  to  subtract  the  meter  read- 
ing at  the  end  of  the  month  from  the 
reading  at  the  first  of  the  same  month 
and  use  the  multiplier,  if  one  is  given. 

The     reading    of    the    wattmeter     can 
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FIG.    1.     WATTMETER  DIAL. 

best  be  understood  by  taking  a  concrete 
example.  Fig.  1  shows  four  dials  with 
their  pointers.  To  read  these  it  is  best 
to  record  the  reading  of  each  pointer, 
beginning  with  the  dial  to  the  right  and 
writing  the  result  from  right  to  left  to 
obtain  the  reading  of  all  four  dials.  As 
a  general  rule  it  may  be  stated  that 
when  a  pointer  stands  between  any  two 
numbers  on  a  dial,  the  lower  number  is 
always  read. 

In  Fig.  1  the  pointer  of  the  right-hand 
dial  ^stands   at    1.      The   pointer   of  the 
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second  dial  from  the  right  has  passed  the 
8  but  has  not  reached  the  9,  therefore 
the  reading  is  taken  as  8,  and  the  total 
of  the  two  dials  is  81.  On  the  next  dial 
the  pointer  is  midway  between  5  and  6. 
It  cannot  be  read  6  until  the  pointer  of 
the  preceding  dial  has  completed  the 
revolution,  consequently  it  is  read  5,  and 
the  total  of  the  three  dials  is  581.  In 
the  same  way  the  left-hand  dial  pointer 
stands  between  1  and  2  and  cannot  be 
read  2  until  the  pointer  of  the  preceding 
dial  has  covered  the  remaining  distance 
between  5  and  o.  The  reading  is  ac- 
cordingly taken  as  I,  and  the  total  of 
the  four  dials   is  therefore    1581.     This 


FIG.     2.     CHART    FOR     RECORDING     METER 
READINGS. 

means  that  the  meter  has  registered 
1 581  kilowatt  hours  since  last  it  was 
set  at  zero.  The  difference  between  the 
readings  at  the  first  and  last  of  the 
month  multiplied  by  the  meter  constant 
and  by  the  cost  of  electrical  power  per 
kilowatt  hour  should  check  with  the  bill 
received  from  the  power  company  for 
that  particular  month. 

A  convenient  and  easy  scheme  For 
keeping  a  record  of  each  month's  meter 
reading  is  by  preparing  a  card  similar  to 
that  shown  in  Fig.  2.  By  marking  the 
position  of  each  pointer  on  this  card 
when   the   meter   is   read,   a   permanent 


record  of  the  meter  readings  is  kept  and 
the  bills  from  the  power  company  for 
any  month  can  be  checked  whenever  de- 
sired. Cards  similar  to  Fig.  2  are  some- 
times furnished  by  the  power  company 
for  this  purpose. 


A  PORTABLE  SUB-STATION. 

A  sub-station  used  in  connection  with 
an  electric  light  and  power  system  is  a 
station  near  a  center  of  distribution 
which  takes  high  voltage  alternating  cur- 
rent from  the  main  power  station  and 
transforms  it  to  direct  or  alternating 
current,  as  the  case  requires,  of  a  volt- 
age suitable  for  commercial  use.  The 
machines  for  doing  this  are  of  two  types, 
known  as  rotary  converters  or  motor- 
generators. 

Sometimes  the  regular  sub-station  in 
some  particular  locality  does  not  have 
sufficient  capacity  to  furnish  all  the  low- 


PORTABLE    SUB-STATION. 

voltage  current  required,  in  case  there  is 
some  special  drain  on  the  current  supply. 
To  meet  such  conditions  and  to  help  the 
regular  sub-stations  out  when  they  are 
supplying  the  street  car  system  during 
some  unusual  rush  traffic  the  Pacific 
Electric  Company  has  built  a  number  of 
portable  sub-stations  one  oi  which  is 
shown  in  the  picture. 

The  motor-generator  mounted  in  an 
electric  box  car  and  can  be  sent  to  any 
of  the  permanent  sub-stations  of  the 
company's  interurban  lines  on  short  no- 
tice and   then   connected. 

High  voltage  alternating  current  is 
sent  out  to  these  sub-stations,  then 
Stepped  down  by  a  transformer  for  the 
induction  motor,  which  in  turn  drives 
the  direct  current  generator  which  fur- 
nishes the  current   for  the  car  line. 


LOUD  SPEAKING  TELEPHONE  FOR  ELEVATORS. 


The  telephone  and  electric  elevator  are 
brought  into  combination  in  a  very  inter- 
esting manner  in  the  immense  new  Sing- 
er and  Bourne  Building  in  New  York. 
The  operating  conditions  in  this  building- 
are  unusual  as  the  tower  reaches  to  the 
remarkable  height  of  612  feet  above  the 
curb   and   elevators   traverse   nearlv  the 
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FIG.  1.  ELEVATOR  STARTERS  SWITCHING  PANEL 

whole  distance.  There  is  reason  to  be- 
lieve, however,  that  if  the  system  of  tele- 
phones were  applied  to  the  elevators  of 
smaller  office  buildings  and  department 
stores  it  would  result  in  increased  effi- 
ciency of  service. 

The  telephone  equipment  installed  in 
these  elevators  enables  the  starter  at  the 
bottom  to  give  oral  orders  to  the  car  op- 
erators at  any  and  all  times.  The  opera- 
tors are  likewise  kept  in  communication 
with  the  starter  and  the  engineer,  and 
the  engineer  can  talk  with  the  starter  and 
operators.  Communication  may  also  be 
had  by  these  parties  with  the  watchman 
on  the  fortieth  floor,  likewise  with  the 
machine  shop,  engine  room  and  boiler 
room. 

As  described  in  the  Electrical  World,  •  have  been  modified  to  secure  an  unusual- 
the   telephone   system    includes    a    small     ly  loud  and  clear  enunciation.     The  dia- 


private  exchange  in  the  basement,  sup- 
plied with  current  by  a  24-volt  sto- 
rage battery,  which  is  charged  from  the 
lighting  mains.  All  telephone  connections 
other  than  those  made  by  the  starter 
when  he  desires  to  speak  with  the  car 
operators  under  his  control  are  made  by 
the  telephone  operator  at  the  private  ex- 
change switchboard. 

Each  starter,  while  per- 
forming his  duties,  is 
within  convenient  reach 
of  a  small  metal  panel, 
mounted  either  upon  the 
wall  or  upon  one  of  the 
marble  columns  in  the 
main  hallway.  Although 
the  panel  is  flush  with  the 
surface  of  the  wall  or  col- 
umn, a  call  bell  and  a 
series  of  switches,  the 
handles  of  which  project 
through  the  panel  for  the 
use  of  the  operator,  are 
mounted  behind  it  as  illus- 
trated in  Fig.  1.  The  bell 
is  for  signaling  the  starter 
and  the  switches  enable 
him  to  connect  with  any 
one  of  the  car  operators 
under  his  charge. 

The  flexible  connection 
of  the  starter's  telephone 
set  enables  the  starter 
while  connected  in  circuit  to  face  in  any 
direction  and  furnish  information  to 
those  inquiring  about  the  cars  or  the  lo- 
cation of  the  tenants,  watch  the  electric 
signal  lamps  which  indicate  the  position 
of  the  cars  and  give  attention  to  the  ar- 
rival and  departure  of  each  car  under 
his  supervision. 

Loud  speaking  receivers  are  used  in 
the  elevator  cars  so  that  the  operators 
can  hear  the  orders  transmitted  to  them 
by  the  starter  without  placing  the  re- 
ceivers to  their  ears  or  otherwise  inter- 
fering with  their  work.  These  receivers 
were  specially  designed  for  use  in  the 
elevator  cars,  and  although  each  contains 
the  same  elements  which  make  up  the 
ordinary  bipolar  receiver,  these  elements 
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FIG.  2.  TELEPHONE  IN  ELEVATOR  CAR 

phragm  has  a  comparatively  large  di- 
ameter and  is  held  so  as  to  be  free  from 
strain.  The  horn,  as  shown  in  Fig.  2, 
is  rigidly  attached  to  the  receiver  proper, 
but  the  whole  is  clamped  to  a  base  so 
that  when  mounted  in  the  car  it  can  be 
adjusted  vertically. 

In  addition  to  the  loud  talking  re- 
ceivers, there  is  in  each  elevator  car,  as 
shown  in  Fig.  2,  a  metal  case  wall  tele- 
phone set  for  the  operator's  use  in  secur- 
ing a  connection  through  the  private  ex- 
change switchboard  in  cases  of  emer- 
gency. 


RECORD  IN  TELEGRAPHING. 

The  Democratic  convention  at  Denver 
saw  other  records  broken  besides  that  for 
a  political  demonstration.  One  record 
that  was  smashed  was  for  long  distance 
telegraphing.  The  man  who  broke  this 
record  was  George  W.   Conkling,     the 


New    York    Sun's    chief   oper- 
ator. 

Working  over  a  wire  that 
stretched  more  than  half  way 
across  the  continent,  about 
2,500  miles,  Mr.  Conkling  at- 
tained the  high  speed  of  3,- 
136.20  words  an  hour,  or  52.27 
words  to  the  minute,  a  record 
which  has  never  before  been 
equaled  anywhere.  Further- 
more, Mr.  Conkling  in  just 
twenty-eight  working  hours 
sent  over  this  wire  to  The  Sun 
by  the  Morse  system  and  using 
the  Phillips  code  a  total  of  73,- 
000  words,  an  average  of  2,- 
60.14  an  hour,  or  43.45  words 
a  minute.  Much  of  this  matter 
was  sent  from  a  seat  in  front 
of  the  speaker's  stand  in  the 
convention  hall  while  pande- 
monium was  being;  raised. 


INTERESTING  TELEGRAPHIC 
STATISTICS. 

The  German  government  has 
recently  published   some   inter- 
esting statistics  as   to   the   use. 
and  the  cost  of  the  use.  of  the 
telegraph  in  the  various  coun- 
tries of  Europe  and  in  the  Unit- 
ed States. 
As  might  be  expected,  this  country  has 
by  far  the  greatest  mileage  of  lines.   1.- 
155,480  miles,  an  amount  nearly  equal  to 
that  of  the  United  Kingdom.  France  and 
Germany   combined.      But   in    the   num- 
ber    of     messages     the     United     King- 
dom   takes   the   lead,     with    94.000,000, 
against  65.500,000  in  the  United  States. 
58,000,000  in  France,  and  52,500,000  in 
Germany. 

In     the     average     cost     of     mess 
the    United    States    is    at    a  very    gi 
disadvantage,    having   to  pay    4J   cents, 
against  16  in  the  United  Kingdom.  15  in 
Germany  and  only  12  in  France. 

The  total  receipts  for  telegraphing  in 
this  country   are  correspondingly  la- 
being  $27,985,000,  as  against  $15,  1  7 
in    the    United    Kingdom,    >x        |,000    in 
Germany  and  s>,— 4,000  in  France. 


SOME  APPLICATIONS  OF  ELECTRICITY  TO 

DENTISTRY. 


To  the  student  of  electricity  the  mod- 
ern dentist's  office  contains  many  inter- 
esting things  besides  the  proverbial  tor- 
ture devices.  Not  only  is  electric  cur- 
rent applied  in  various  way  to  diagnosis 
and  the  actual  operations,  but  it  is  also 
available  as  a  cheap  and  efficient  source 
of  power  in  the  laboratory  and  workshop 
where  artificial  teeth  and  crowns  are 
made. 

In  the  diagnosis  of  a  case  and  before 


herewith  being  an  example  of  a  compact 
and  efficient  outfit. 

In  making  an  X-ray  picture  of  a 
tooth  to  determine  its  condition,  it  is 
only  necessary  to  place  the  dental  film 
in  the  patient's  mouth  back  of  the  tooth, 
excite  the  X-ray  tube  and  then  remove 
the  film  and  develop  it.  A  type  of  den- 
tal flouroscope  also  goes  with  this  set, 
which  is  about  the  size  of  a  dental  mir- 
ror, and  which  permits  the  operator  to 
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DENTAL    SPECIAL    X-RAY    COIL. 


actual  operations  are  begun,  the  X-ray 
offers  a  sure  and  simple  method  which 
has  only  been  recognized  in  the  last  few 
years.  The  principal  drawback  to  its 
use  before  this  has  been  the  inconve- 
nience and  trouble  of  taking  and  devel- 
oping X-ray  pictures  and  the  technical 
knowledge  necessary  to  operate  the  coil. 
Apparatus  of  this  kind  has  been  greatly 
simplified,  however,  and  is  now  manu- 
factured in  a  form  available  to  any  den- 
tist, the  Dental  Special  X-ray  Coil  shown 


observe  the  interior  of  the  tooth  directly 
without  the  necessity  of  making  a  radio- 
graph or  X-ray  picture.-  This  latter  de- 
vice is  sufficient  in  most  cases. 

The  small  glass  tubes  which  are  seen 
held  to  the  cover  of  the  box  are  vacuum 
tubes  which  can  be  connected  to  the  ter- 
minals of  the  X-ray  coil,  and  they  are 
for  applying  the  X-rays  to  the  treat- 
ment of  Pyorrhea  and  other  diseases  of 
the  teeth  and  gums. 

Value    of    the    X-ray    can   hardly   be 
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overestimated.  It  permits  a  thorough 
study  of  unerupted,  impacted  and  super- 
numary  teeth,  it  furnished  a  means  for 
investigating  the  length  and  strength  of 
the  roots  to  determine  the  anchorage 
for  bridge   work  or  in   placing  crowns. 


DENTIST'S     SUSPENDED    MOTOR. 

Coming  now  to  the  real  dental  instru- 
ments for  drilling,  grinding,  pounding 
and  otherwise  producing  uncomfortable 
sensations,  the  electric  motor  is  made  to 
run  them  all.  The  motor  is  suspended 
from  the  ceiling  and  is  provided  with 
a  many  jointed  arm  which  permits  the 
working  end  which  carries  the  drill  or 
polisher  or  tiny  "pile  driver"  to  lie  held 
in  any  position  desired.  In  the  case  of 
the  Kit 1 01  engine  shown  in  one  of  the 
illustrations,  it  is  very  little  trouble  10 
take  out  one  instrument  and  insert  an- 
other   in    the    arm-piece.      A    belt    runs 


from  the  motor  along  the  arm  to  the 
instrument  end  and  passes  over  the  joints 
or  elbows  without  becoming  twisted  or 
tangled. 

Motor  operated  engines  are  a  great 
advantage,  since  dental  operations  re- 
quire great  care  and  accuracy,  and  these 
cannot  be  attained  to  the  highest  degree 
when  the  operator  is  pumping  away 
with  his  foot  on  the  old-fashioned 
treadle. 

One  of  the  illustrations  shows  two 
very  interesting  devices — the  electric 
hot  air  syringe  and  the  illuminated  mouth 
mirror.  The  hot  air  syringe  consists 
of  a  cylindrical  handle  through  which 
runs  a  rubber  tube  from  the  compressed 
air  tank  and  terminates  in  a  bent-over 
nozzle.  Electric  conductors  are  also  car- 
ried into  the  casing  and  terminate  in  a 
heating  coil  which  heats  the  air  as  fast 
as  it  comes  from  the  nozzle.  An  even 
heat  is  thus  obtained  and  the  dentist  is 


HOT     AIR     SYRINGE     A.ND     IULUMINATED 
MOUTH  MIRROR 


not    put    to   the   unnecessary    trouble    of 
heating  the  nozzle  over  an  alcohol  lamp. 
The    illuminated    mouth    mirror    con- 
sists oi  a  very  small  electric  incandescent 

lamp   mounted   on    the   cn<\   oi   a    ho".'. 
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handle,  the  conductors  to  the  lamp  being 
carried  through  the  handle.  The  mirror 
is  mounted  on  a  collar  which  fits  over 
the  lamp  base.     W "hen  in  operation  the 


DENTIST'S    SWITCHBOARD. 

light  may  be  thrown  on  exactly  the  spot 
desired. 

In    some     dentists'     offices     elaborate 
switchboards  are  in  use   for.  controlling 


the  current  for  the  various  electrical  de- 
vices. A  comparatively  simple  and  at 
the  same  time  a  very  neat  one  is  shown 
in  one  of  the  half-tone  illustrations.  It 
is  put  up  in  a  round  form,  using  for  a 
base  a  highly  polished  white  Italian 
marble.  All  parts  and  binding  posts  are 
handsomely  nickel  plated.  The  board  is 
constructed  to  operate  on  either  direct 
or  alternating  current,  and  has  two  sets 
of  binding  posts  for  supplying  current  at 
the  full  voltage  to  engine,  lathe,  bracket 
lamp,  fan,  furnace,  gold  annealer,  etc. 

It  also  contains  three  extra  sets  of 
binding  posts  for  low  voltage,  to  oper- 
ate the  hot  air  syringe,  illuminated  mouth 
mirror  and  root  drier. 

The  De  Vilbiss  dental  set  for  heating 
atomizers  and  keeping  various  solutions 


DENTAL    HEATING    SET. 


ELECTRIC    LATHE    AND    POLISHER. 

at  the  proper  temperature  is  an  ingeni- 
ous arrangement.  It  consists  of  a  closed 
vessel  of  polished  brass  with  a  remov- 
able bottom.  Holes  are  provided  in  the 
top  into  which  are  set  the  bottles  of  the 
atomizers  and  also  tumblers  for  rising 
and  antiseptic  solutions.  In  the  center  is 
an  opening  for  an  incandescent  lamp, 
which  is  mounted  with  the  bulb  inside 
the  vessel.  This  is  an  economical  form 
of  heater,  as  never  more  than  a  four- 
candle  power  bulb  should  be  used  and  a 
two-candle  power  bulb  will  keep  the  so- 
lutions at  blood  heat. 

In  the  mechanical  processes  of  the 
laboratory  and  workshop  electricity  now 
plays  an  important  part  and  is  used  for 
heating  small  furnaces,  gold  annealers 
and  for  driving  the  dentist's  lathe.  The 
Columbian  electric  laboratory  lathe  here 
illustrated  is  one  example  of  many  types 
used  by  crown  and  bridge  workers.  It 
is  provided  with  chucks  for  the  various 
tools  which  are  mounted  on  the  end  of 
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the  motor  shaft,  including  also  carbor- 
undum wheels,  polishers,  etc.  Four 
speeds  are  obtainable,  ranging  from  1,000 
to  3,000  revolutions  a  minute,  and  the 
motor  developes  one-sixth  of  a  horse 
power. 


AN  ELECTRIC  STEAM   BOILER. 

Where  a  small  quantity  of  steam  is  re- 
quired it  is  often  advantageous  to  em- 
ploy an  electrically  heated  steam  boiler, 
avoiding  the  expense  of  a  fireman  and 
the  heat  and  annoyance  of  gas  or  oil 
burners. 

The  Simplex  electric  boiler  illustrated 
herewith  is.  equipped  with  steam  and 
water  gauges,  safety  valve,  feed,  blow- 
off  and  steam  connections,  as  usual  in 
standard  boiler  practice.  The  electric 
heat   is   generated   inside   the   boiler,   so 


ELECTRIC  STEAM    BOILER. 

that  none  is  wasted,  and  is  subject   to 

control  by  means  of  regulating  switches. 

The  consumption   oi  current    is  at   the 

rate   oi  about    ro  kilowatts  per  standard 


boiler    horsepower,    or    about   340   watts 
per  pound  of  water  evaporated  per  hour. 

Numerous  applications  of  electric 
steam  boilers  are  found  where  steam  is 
used  for  heating  parts  of  machines  in 
which  it  is  condensed  and  returned  as 
hot  water  to  the  boiler.  When  such  a 
closed  system  can  be  used,  the  device  is 
economical  and  frequently  far  more  de- 
sirable and  satisfactory  than  piping  con- 
siderable distances  for  small  require- 
ments. 
SMALL  MOTOR  DRIVEN  AIR  COMPRESSOR 

In  doctors'  and  dentists'  offices,  labor- 
atories, barber  shops  and  in  artists' 
studios  for  operating  air  brushes,  com- 
pressed air  is  often  required,  but  in  small 


MOTOR  DRIVEN  COMPRESSOR 

quantities  not  warranting  the  installation 
of  an  elaborate  or  expensive  compressing 
plant.  A  small  motor  oi  one-twentieth  t  1 
one-sixth  horsepower  will  do  this  work 
at  a  very  small  cost  for  current.  The 
(Hit tit  shown  herewith  will  furnish  air 
sufficient  to  till  a.  five  or  eo  g  tank 

to  a  pressure  of  50  pounds  to  the  square 
inch  in  jo  minutes.  The  little 
drives  the  fly  wheel  an  1  crank,  which  in 
turn  operate  a  small  plunger  pump  simi- 
lar to  a  tire  pump.  The  Emerson 
supplied  with  this  out  tit  are  furnished 
for  alternating  or  direct  current  as  the 
ease  may  require. 


THE  PRODUCTION  AND  USE  OF  RADIUM. 


BY    DR.    ALFRED    GRADENWITZ. 


The  discovery  of  certain  radiations 
which,  though  being  invisible  to  the  eye, 
manifest  themselves  by  the  most  striking 
effects,  has  brought  about  a  veritable 
revolution  in  the  field  of  science.  The 
typical  representative  of  the  substances 
giving  out  those  radiations,  is  radium,  or 
rather  its  chemical  compounds,  as  the  ele- 
ment itself  has  not  yet  been  isolated. 

Owing  to  the  scientific  interest  attach- 


Owing  to  this  extreme  costliness,  it 
will  be  understood  that  the  amounts  of 
radium  salts  generally  handled  in  labora- 
tories are  rather  minute,  and  as  the  effects 
of  radium  are  of  extraordinary  intensity, 
those  small  quantities  are  quite  sufficient 
to  show  any  phenomena  so  far  discov- 
ered. 

In  order,  however,  to  give  an  idea  of 
the   enormous   amounts   of   material   re- 


F1G.     1.     INVESTIGATING     THE     RADIO- ACTIVITY    OF    MINERAL,    WATER. 


ing  to  this  wonderful  substance  in  the  last 
few  years,  and  the  practical  uses  it  is 
liable  to  be  put  to,  especially  in  medicine, 
it  will  not  be  amiss  briefly  to  record  the 
complicated  processes  required  in  its 
manufacture. 

Apart  from  being  among  the  most  re- 
markable substances  known  to  man,  ra- 
dium salts  are  the  most  precious  of  all 
chemical  compounds,  one  kilogram 
(about  2.2  pounds)  of  radium  bromide 
being  estimated  at  about  $80,000,000. 


quired  to  produce  even  such  minute  quan- 
tities as  a  few  milligrammes  of  radium 
salts,  it  may  be  said  that  whole  wagon - 
loads  of  diverse  ores  have  to  be  submit- 
ted to  a  lengthy  treatment  in  order  to  ex- 
tract these  extremely  small  quantities. 

By  discontinuing  the  various  opera- 
tions at  a  given  stage,  the  activity  of  the 
radium  salt  can  be  varied  at  will,  accord- 
ing to  the  special  purpose  it  is  intended 
for,  and  a  whole  scale  of  different  intensi- 
ties can  be  readily  produced.    After  what 
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is  called  the  "gross  treatment"  of  the 
ores,  the  activity  of  the  product  will  be 
from  50  to  60  (taking  the  activity  of  ura- 
nium as  unity),  while  the  final  operations 
will  raise  it  to  from  1,000  to  2,000,000. 

At  a  special  radium  factory  recently 
installed  at  Nogentsur-Marne,  France, 
the  most  varied  ores  are  treated,  and  on 
their  arrival  are  all  taken  to  the  crushers, 


metals,  and  as  radium  sulphate  is  the  least 
soluble  of  all,  this  property  is  utilized  to 
separate  it  from  the  remaining  sulphates 
by  washing  it  alternately  with  alkali  salts 
and  water.  These  successive  washings 
will  remove  each  time  the  metal  having 
the  most  soluble  salts. 

At  the  end  of  this  difficult  treatment 
one  to  two  kilogrammes  of  radium  bro- 
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FIG.    2.     TESTING    THE    BIOLOGICAL      EFFECTS  OF  RADIUM. 


where  their  further  treatment  varies  ac- 
cording to  the  kind  of  material.  The 
method  described  in  the  following  applies 
more  particularly  to  pitchblend,  or  rather 
to  pitchblend  residues,  which  are  the  most 
important  of  radium  holding  materials. 

The  "gross  treatment"  is  carried  out  in 
wooden  tanks,  and  cast  iron  tanks  pro- 
vided with  stirring  devices.  Each  ton  of 
residue  will  require  five  tons  of  chemicals 
and  50  tons  of  rinsing  water.  The  resi- 
dues contain  sulphates  of  practically  all 


mide  remain  from  each  ton  of  original 
residue,  but  this  small  amount  shows 
an  activity  two  million  times  higher  than 
metallic  uranium. 

The  most  important  part  of  the  factory 
is  the  laboratory,  where  chemical  analyses 
and  spectroscopic  tests  are  carried 
in  addition  to  measuring  the  activity  of 
each  product,  as  well  as  oi  the  emana- 
tions they  are  liable  to  produce. 

In  order  to  allow  the  wonderful  quali- 
ties oi  radium  to  be  more  thoroughly  in- 
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vestigated,  a  special  Radium  Institute  has 
now  been  founded  at  Paris.  This  insti- 
tute is  provided  with  the  most  improved 
apparatus  for  research  work,  each  de- 
partment being  controlled  by  specialists — 
physicists,  chemists,  biologists,  and  med- 
ical men. 

A  subject  particularly  investigated  at 
this  institute  is  the  radio-activity  of  min- 
eral water  (Fig.  i).  It  has  been  known 
for  some  time  that  the  water  of  certain 
sources,  while  containing  quite  immate- 
rial amounts  of  minerals,  is  more  effect- 
ive  than   that   of   others,   holding   large 


FIG.      3.     TREATING     RHEUMATISM     WITH 
RADIUM. 

amounts  of  such  substances ;  also  arti- 
ficial waters  are  never  found  to  be  as 
beneficial  as  the  corresponding  natural 
waters.  If  the  radio-active  qualities,  as 
presumed,  be  really  shown  to  be  the  cause 
of  those  effects,  it  would  be  quite  feasible 
to  produce  by  artificial  means  a  water  of 
any  desired  qualities. 

In  another  department  the  nature  of 
radium  and  radium-emanations  is  inves- 
tigated from  a  purely  scientific  point  of 
view,  by  means  of  a  number  of  instru- 
ments designed  by  the  discoverers  of  ra- 
dium, as  well  as  by  Sir  William  Ramsay, 
and  other  scientists.  A  classical  experi- 
ment, which  should  be  mentioned  in  this 
connection,  is  the  conversion  of  radium 
emanation  into  the  element  helium.    This 


experiment  consists  of  placing  a  solution 
of  radium  bromide  in  the  interior  of  a 
flask,  producing  a  vacuum  above  the 
liquid,  and  allowing  its  emanation  to  es- 
cape through  a  tube  into  a  glass  bulb, 
cooled  by  liquid  air.  On  contact  with 
the  emanation  the  water  will  be  decom- 
posed after  a  few  days,  and  the  presence 
of  a  third  element  will  be  noted  in  the 
gaseous  mixture.  This  third  element, 
which  is  the  product  of  conversion  of  the 
emanation,  is  condensed  in  the  glass  bulb, 
and  is  found  to  be  an  ordinary  "gas,  to 
which  the  law  of  Mariotte  is  applicable. 
This  gas  imparts  to  the  glass  a  violet  hue, 
and  possesses  a  spectrum  of  its  own,  ac- 
cording to  which  it  has  been  identified 
with  helium. 

In  addition  to  measuring  the  radio- 
activity of  minerals,  the  biological  effects 
of  radium  salts  on  rabbits,  guinea  pigs, 
and  even  on  man,  are  investigated  (Fig. 
2).  For  these  physiological  and  thera- 
peutical experiments  there  are  used  spe- 
cial instruments,  comprising  a  box,  that 
contains  a  radio-active  substance,  and  a 
mantle  surrounding  this  and  protecting 
the  operator  against  the  effects  of  radia- 
tion. By  continuing  these  experiments  it 
is  hoped  to  accurately  ascertain  the  ther- 
apeutical effects  of  radium  rays,  which, 
while  being  analogous  to  some  degree  to 
those  of  X-rays,  are  much  more  intense 
than  the  latter  and  therefore  may  be  con- 
ducive to  even  more  remarkable  results. 

Another  type  of  apparatus  which  is 
used  very  frequently  at  the  Radium  In- 
stitute, is  made  up  mainly  of  a  small  met- 
al casing,  consisting  of  two  parallel  plates, 
between  which  15  centigrammes  of  ra- 
dium-holding barium  salts  are  com- 
pressed in  the  form  of  a  plane 
layer  six  to  seven-tenths  of  a  milli- 
meter in  thickness.  The  metal  plate, 
intended  to  be  applied  to  the  guinea 
pig  or  the  human  organ  submitted  to  ra- 
dium treatment,  is  a  thin  aluminium  foil. 
The  other  plate,  which  is  somewhat  thick- 
er, carries  a  joint  which  can  be  mounted 
on  the  end  of  a  metal  rod,  provided  with 
a  wooden  handle,  and  accordingly  can 
take  any  desired  position. 

After  some  months  of  operation,  the 
results  so  far  obtained  are  rather  encour- 
aging. The  workers  connected  with  the 
laboratory  have  already  succeeded  in  uti- 
lizing the  relieving  effects  of  radium  for 
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the  treatment  of  inflammations  of  the 
joints  and  of  rheumatism  (Fig.  3)  and  in 
healing  some  lighter  affections  of  the 
skin.     It  is  even  hoped  to  be  successful 


in  the  treatment  of  tumors  and  cancer 
and  tuberculosis,  but  the  experiments 
made  in  this  direction  are  yet  far  from 
being  concluded. 


ELECTRIC  POWER  FROM  THE  CHICAGO  DRAIN- 

AGE  CANAL. 


the  most  remarkable 
ever      accomplished, 
tends      from      Robey 


I  XT  E  EN  years 
ago  active  work 
was  begun  on  the 
Chicago  Drainage 
Canal  with  the 
object  of  divert- 
ing the  sewage 
from  Lake  Mich- 
igan into  the  Des- 
p  1  a  i  n  e  s  river, 
thereby  purifying 
the  water  supply 
of  Chicago.  Eight 
years  later  the 
work  was  com- 
pleted, and  now 
stands  as  one  of 
ngineering  feats 
The  canal  ex- 
street     and     the 


across  the  country,  the  canal  is  largely 
cut  through  solid  rock,  and  to  the  ob- 
server the  great  piles  of  rock  and  debris 
along  its  banks  appear  to  be  a  low  range 
of  rocky  hills  extending  away  into  the 
distance  as  far  as  the  eye  can  reach. 

The  width  of  the  canal  is  250  feet  and 
the  depth  22  feet.  Together  with  the 
improvements  to  the  Chicago  river  its 
cost  was  over  $50,000,000. 

The  Chicago  river  no  longer  flows  into 
Lake  Michigan  but  instead  the  waters 
of  the  lake  flow  "up"  the  Chicago  river, 
through  the  canal,  down  the  Desplaines 
and  the  Illinois  and  finally  lose  them- 
selves in  the  bosom  of  the  Mississippi. 
On  their  way  they  have  swept  out  from 
the  Chicago  river  the  accumulated  de- 
posits of  generations  and  made  it  almost 
clean,  so  clean,  in  fact,  that  recently  a 
two  mile  swimming  race  was  held  where 


VIEW    ON    THE    DRAINAGE    CANAL 


Chicago    river    to    Lockport,  111.,  whore     once  there  was  litth 

it     discharges      into      the      Desplaines.      slime. 

Extending    for   a    distance   oi   29   miles         When  this  work  was  first  an 
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THE   CONTROLLING  WORKS. 


little  attention  was  paid  to  the  power 
development  made  possible  at  the  12- 
foot  fall  near  Lockport.  When  the  San- 
itary Canal  was  in  good  working  order, 
however,  and  was  performing  satisfac- 
torily the  function  for  which  it  was  de- 
signed engineering  talent  was  brought  to 
bear  on  a  project  to  utilize  this  wasted 
power  and  there  is  now  in  operation  at 
Lockport  a  modern  electric  power  plant 
capable  of  generating  over  20,000  horse- 
power, with  nrovisions  for  doubling  this 
output  later.  Large  quantities  of  this 
power  are  now  delivered  to  Chicago  for 
municipal  purposes  over  a  44,000  volt, 
aluminum  transmission  line.  This  line 
is  carried  on  masts  of  steel,  60  feet  high. 


Everything  about  the  plant  is  built  on 
solid  rock.  The  power  house,  controlling 
works  and  ship  lock  are  placed  side  by 
side  and  form  a  dam  across  the  chan- 
nel. The  retaining  walls  at  the  sides  are 
constructed  to  hold  the  water  level  near 
the  top  of  the  building,  giving  a  fall  of 
about  34  feet  to  the  turbines. 

A  movable  crest  dam  and  controlling 
works  joins  the  power  house  to  the  east 
and  regulates  the  flow  of  water.  Next 
to  this  is  the  lock  capable  of  passing  boats 
22  feet  wide  and  100  feet  long. 

Five  electric  generators  or  dynamos 
are  at  present  installed  in  the  plant,  each 
having  a  capacity  of  over  5.000  horse- 


They  weigh,  complete,  4,000  pounds 
each  and  are  set  in  concrete  foundations. 
The  views  presented  herewith  show 
the  exterior  and  interior  of  the  power 
plant,  and  some  interesting  features  of 
the  work  in  the  vicinity  of  the  plant. 


EXTERIOR    OF    CANAL   POWER   HOUSE. 

power.  These  are  direct  connected  to 
great  turbine  water  wheels  of  6,000 
horsepower  each.  In  spite  of  their  size 
these  generators  revolve  at  the  rate  of 
163  revolutions  a  minute.  They  gener- 
ate alternating    current    at  6,600    volts 
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which  is  raised  by  transformers  to  44,- 
000  volts  for  transmission  to  Chicago. 

The  investment  involved  in  the  con- 
struction of  this  plant  is  $4,000,000.  It 
is  owned  and  operated  by  the  Sanitary 
District   of   Chicago,   a  public  body  or- 


BEAR  TRAP  DAM. 

ganized  under  state  law  and  governed 
by  nine  trustees  elected  by  the  people. 
It  is  the  purpose  of  the  Sanitary  District 
not  only  to  furnish  electric  power  to  Chi- 
cago but  also  to  cities  along  the  route  of 


ELECTRIC.SIGNAL'LIGHTJOR  STREET 
CARS. 

Safety  of  operation  on  electric  rail- 
ways, as  on  steam  roads,  makes  neces- 
sary the  employment  of  proper  classifi- 
cation and  tail  lights  on  the  cars.  The 
lighting  of  these  signals  on  the  electric 
car  may,  however,  be  done  more  advan- 
tageously than  on  the  steam  car,  due  to 
the  fact  that  there  is  always  at  hand  a 
source  of  electric  current,  namely  the 
trolley,  which  permits  of  the  use  of  an 
electric  system  of  lighting  which  is  much 
more  satisfactory  than  oil  lamps,  owing 
to  the  small  maintenance  expense  and 
greater  convenience. 

Heretofore  the  obstacle  which  has 
stood  in  the  way  of  the  use  of  electricity 
for  this  purpose  has  been  the  uncertainty 
of  continuous  current  supply,  for  if  the 
trolley  current  should  fail  or  the  trolley 
wheel  should  leave  the  wire,  the  lights 
would  fail  at  just  the  time  they  were 
most  necessary.  In  the  Lintern  car  sig- 
nal system,  however,  this  difficulty  has 
been  overcome. 

By  means  of  an  ingenious  but  simple 
method  of  wiring  and  auxiliary  batter- 
ies of  dry  cells,  current  is  supplied  for  one 
or  more  rear-end  signal  lights,  one  or 
more    classification    lights,  or    both,  and 


INTERIOR  OF  CANAL  POWER  PLANT. 

the   transmission   line   and    to    industrial      does   awav   with    the    only    objection   to 
undertakings     which      will      eventually     using  current  from  the  trolley  cii 

spring  up  along  the  banks  of  the  canal,      car  signal  lights.      The   signal  lights  are 


380 


POPULAR    ELECTRICITY 


normally  supplied  by  trolley  current 
which  has  passed  through  the  lighting- 
circuit  of  the  car  to  the  positive  side  of 
the  auxiliary  batteries,  and  is  then  caused 


can  also  be  operated  by  pushing  a  but- 
ton. In  case  no  one  discovers  the  fire, 
the  alarm  is  sent  m  automatically  b" 
means  of  a   fusing  wire  or  thermostat, 
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ELECTRIC    SIGNAL    LIGHTING    SCHEME. 

to  divide,  part  of  the  current  flowing 
through  the  auxiliary  batteries  to  ground, 
as  shown  in  the  diagram. 

The  current  which  passes  through  the 
auxiliary  battery  tends  to  keep  the  cells 
charged  and  up  to  voltage.  If,  owing  to 
low  voltage  on  the  line,  there  is  a  defi- 
ciency of  current  from  the  lighting  cir- 
cuit to  properly  light  the  signals,  the  bat- 
tery supplies  sufficient  current  to  keep 
the  signal  lights  at  normal  illumination. 


FIRE  ALARMS  OVER  TELEPHONE  WIRES. 

A  problem  that  many  able  telephone 
engineers  have  been  trying  to  solve  is 
how  to  make  telephone  circuits  more  re- 
munerative. The  problem  has  evidently 
been  solved  by  the  Denio  Telephone  fire 
alarm  system,  which  furnishes  a  by- 
product, so  to  speak,  of  the  telephone 
line. 

The  practicability  of  the  Denio  system 
has  been  arousing  much  interest  among 
telephone  engineers  and  telephone  com- 
panies throughout  the  country,  especially 
in  many  small  towns  where  the  expense 
of  establishing  systems  similar  to  those 
in  use  in  large  cities  is  too  large. 

For  the  street  a  double  iron  box  is 
located  where  desired,  and  wires  con- 
nected to  any  telephone  circuit,  permit- 
ting the  alarm  to  be  transmitted  direct  to 
fire  headquarters. 

For  the  house,  store  or  factory  two 
styles  of  boxes  are  used — one  a  manual 
box  and  the  other  both  manual  and  auto- 
matic. In  the  manual  box  all  one  has  to 
do  in  case  of  fire  is  to  break  a  glass  and 
push  a  button.  Each  box  has  a  different 
number,  and  the  exact  location  of  the 
fire  is  transmitted  to  the  fire  department 
in  a   few   seconds.     The  automatic  box 
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which  is  operated  when  the  heat  reaches 
160  degrees  Fahrenheit. 

After  the  alarm  has  been  transmitted 
to  the  fire  department,  the  telephone  op- 
erator rings  the  telephone  bell,  thus  no- 
tifying the  person  sending  the  alarm  that 
it  has  been  received.  In  the  case  of  an 
automatic  alarm  a  person  would  be 
awakened  by  the  ringing  of  the  tele- 
phone bell. 


No  less  authority  in  electrical  science 
than  Thomas  Edison  is  reported  to  have 
said :  "If  electricity  is  a  substance  or 
fluid  of  any  kind,  I  have  not  been  able 
to  find,  see,  weigh  or  in  any  manner 
sense  it."  Electricians,  .and  students  of 
physics  generally,  are  more  and  more  in- 
clined to  the  belief  that  there  is  no  such 
thing  as  electricity.  The  phenomenon 
known  as  electricity  may  be  likened  to 
an  echo.  Sound  is  a  rate  of  motion.  It 
is  claimed  by  some  of  the  advanced  think- 
ers that  there  is  a  rate  of  motion  that  will 
always  cause  the  effect  known  as  elec- 
tricity." 


ELECTRICAL  MEN  OF  THE  TIMES 

ELIHU  THOMSON. 


So  young-  is  the  electric  industry  that 
we  have  instances  of  men  who  were  not 
only  pioneers  in  its  development  but  are 
still  among  the  leaders.  One  of  these 
men  is  Elihu  Thomson  of  West  Lynn, 
Mass.,  inventor  with  six  hundred  United 
States  patents  to  his  credit  and  practical 
electrical  engineer  and  business  man. 

Elihu  Thomson  is 
of  Scotch  -  English 
parentage  and  was 
born  in  England  in 
1853.  He  came  to  the 
United  States  in  1858 
and  was  educated  in 
the  public  schools  of 
.Philadelphia,  gradu- 
ating- from  the  Cen- 
tral High  School  in 
1870.  Later,  in  1876, 
he  was  given  the 
chair  of  professor  of 
chemistry  in  that  in- 
stitution. His  inclina- 
tions were  toward 
electricity,  however, 
and  as  he  had  an  apti- 
tude for  mechanical 
construction  he  spent 
much  of  his  time  in 
making  his  own  ap- 
paratus for  carrying- 
out  his  numerous 
electrical  experi- 
ments. 

Professor  Thomson's  first  great 
achievement  was  the  development  of  the 
Thomson-Houston  system  of  electric 
lighting-,  based  on  his  patents,  some  of 
which  were  taken  out  conjointly  with 
Professor  E.  J.  Houston.  He  left  his 
professorship  in  1880  to  take  up  the  de- 
velopment of  this  work.  The  business 
was  begun  in  Philadelphia,  but  was  re- 
moved in  about  a  year  to  New  Britain. 
Conn.  Professor  Thomson  had  associat- 
ed with  him  such  men  as  C.  A.  Coffin, 
now  president  of  the  General  Electric 
Co.,  and  F.  W.  Rice,  Jr.,  now  third  vice 
president  of  the  same  company.  The 
Thomson-Iiouston  Co.  was  merged,  in 
1892,  with  the  Edison  General  Co.,  form- 


ing the  present  General  Electric  Co.,  in 
the  Lynn  works  of  which  Professor 
Thomson  is  now  actively  engaged. 

Among-  Professor  Thomson's  inven- 
tions are  the  method  of  electric  welding 
now  extensively  used,  and  the  Thomson 
electric  meter,  which  was  given  a  prize 
in  the  Paris  meter  competition  in  1890 
and  of  which  there 
are  now  nearly  2  000,- 
000  in  use.  His  pio- 
neer researches  and 
inventions  in  the  al- 
ternating current  field 
and  his  high  frequen- 
cy work  are  also  well 
known. 

He  was  decorated 
in  1889  for  electrical 
inventions  by  the 
French  government 
as  Officier  et  Cheva- 
lier de  la  Leg-ion 
d'Honneur,  given  the 
honorarv  degree  of 
A.  M.,  Yale,  and 
Ph.D.,  Tufts,  has  re- 
ceived many  medals 
and  awards,  among 
which  is  the  Rum  ford 
medal,  and  was 
awarded  grand  prix  at 
the  Paris  expositions 
of  1889  and  1900.  He 
is  past  president  oi 
the  American  Institute  of  Electrical  En- 
gineers, fellow  of  the  American  Acade- 
my of  Arts  and  Sciences,  member  of  the 
Institution  of  Civil  Engineers,  London  : 
the  American  Chemical  Society,  the 
American  Physical  Society,  and  of  many 
other  societies  here  and  abroad,  and  was 
official  U.  S.  delegate  to  Chamber  of 
Delegates.  Electrical  Congress,  in  1893, 
at  Chicago.  Pie  has  been  for  many  years 
a  fellow  of  the  American  Association  for 
the  Advancement  of  Science,  serving  as 
vice  president  at  the  Columbus  nu, 
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IN  THEr 


HOUSEHOLD 


THE    LATEST  ELECTRIC  HOUSEHOLD  CONVEN- 
IENCES. 


Outside  of  its  application  in  the  culi- 
nary department  of  the  household,  elec- 
tricity provides  for  a  great  many  con- 
veniences which  are  characteristic  of  the 
well  ordered  home.  After  all,  the  real 
enjoyment  of  a  good  housekeeper  comes 
in   proportion   to   her   ability  to  provide 


least?"  So  more  than  likely  the  whole 
family  will  submit  to  several  shivering 
spells  during  the  Fall.  The  particular 
province  of  the  electric  radiator  is  to  tide 

over  just  such  occasions  as  these,  and  it 
is  surprising  how  late  in  the  season  these 


WALL       SUSPENSION       TUBULAR 
HEATER. 


AIR 


those  little  things  which  lend  to  the  com- 
fort of  her  family,  and  electricity  is  now 
her  most  efficient  aid. 

With  the  coming  of  early  Fall  and 
the  first  cool  days  and  nights  the  prob- 
lem arises  what  to  do  about  starting  up 
the  furnace  or  the  steam  heating  system. 
"As  sure  as  they  are  put  in  operation," 
we  say,  "the  weather  will  change,  and  so 
what   is   the    use.    for   awhile   longer    at 


LUMINOUS   RADIATOR. 

radiators  will  furnish  all  the  heat  that  is 
necessary. 

Two  types  of  electric  radiators  are 
shown  in  the  illustrations  herewith.  One 
type  is  known  as  the  wall  suspension  tu- 
bular air  heater  and  comprises 'several 
heating  units  in  the  form  of  long  resist- 
ance coils  which  are  inclosed  in  sheet 
iron    casings.      These   heating   coils   are 
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mounted  between  an  upper  and  a  lower 
shelf  piece  with  brackets  for  fastening-  to 
the  wall.  The  complete  heater  is  com- 
pact and  of  neat  appearance,  an  orna- 
ment to  any  room  in  the  house. 

The  second  type  of  heater  is  known  as 
the  luminous  radiator.  It  is  provided 
with  large  cylindrical  heating  bulbs  or 
glowers  made  on  the  principle  of  the  in- 
candescent electric  lamp.  They  are  spe- 
cially designed,  however,  to  transform 
the  electrical  energy  into  heat.  The 
luminous  radiator  produces  heat  imme- 
diately upon  the  turning  of  the  switch. 
The  frame  or  body  of  the  heater  is  of  or- 
namental iron,  fitted  with  a  polished  cop- 


KLECTRTC    CIGAR   LIGHTER. 

per  reflector  for  projecting  the  light  and 
heat  out  into  the  room.  The  radiator 
emits  a  soft,  pleasant  light  through  its 
ground  glass  bulbs,  fully  as  cheerful  to 
sit  by  of  an  evening  as  a  grate,  and  there 
is  never  any  danger  of  coals  snapping  out 
and  burning  the  carpet. 

"Where  is  a  match?"  says  the  man  of 
the  house  as  he  bites  off  the  end  of  his 
cigar  preparatory  to  starting  for  the  train 
in  the  morning.  Sometimes  he  says  it  in 
a  lamb-like  manner  and  sometimes — but 
that  isn't  the  point;  the  cigar  must  be 
lighted  before  he  gets  out  in  the  wind. 
otherwise     his     tender    lingers    niav    be 


burned.  Instead  of  hunting  for  this 
match  365  times  in  a  year,  why  not  hang 
an  electric  cigar  lighter  in  the  hall  and 
save  him  365  minutes  of  his  precious 
time?  It  is  an  unobtrusive  little  object 
as  it  hangs  from  its  electric  cord,  and 
really  becomes  almost  a  necessity  after  it 
has  been  in  use  for  a  time  and  its  value 
appreciated. 

A  hot  water  bag  has  always  been  re- 
garded as  a  household  necessity.    It  was 


ELECTRIC   HEATING  PAD. 

a  great  improvement  on  the  heavy  brick 
or  stone,  heated  in  the  oven  and  wrapped 
in  a  cloth,  because  it  required  less  prep- 
aration and  was  easier  to  handle.  The 
electric  heating  pad  is  an  improvement 
over  the  hot  water  bottle  with  still  great- 
er convenience  and  with  the  additional 
feature   of   perfect  temperature   control. 


SHAVING    MUG 

The  cord  may  be  attached  to  the  nearest 
lamp  socket,  the  pad  placed  in  pos 
and    its    temperature    regulated    at    will. 
After  the  switch  has  been  set  I 
required   heat,   whether  low.  medium  or 
high,  no  further  attention  is  necessary. 

The  hot  water  bag  is  applied  at  a  high 
initial  temperature  and  quickly  cools  off. 
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but  the  electric  pad  maintains  any  one  of 
three  degrees  of  heat  indefinitely;  or 
where  it  is  desired  to  use  the  pad  very 
hot,  it  may  be  first  applied  cold  and  the 
temperature  gradually  increased  without 
unpleasantness  or  shock.  With  a  damp 
cloth,  the  pad  may  be  used  in  place  of  a 
poultice. 

The  pad  is  made  of  fine  resistance  wire 
woven  into  flexible  asbestos  carefully  in- 
sulated and  covered  with  felt,  and  the 
best  feature  about  it  is  that  it  never  leaks. 


CORN   POPPER. 

Every  housewife  takes  particular  pride 
in  the  appointments  of  the  bath  room.  To 
make  the  equipment  complete  the  electric 
shaving  cup  is  required.  This  little  de- 
vice consists  of  an  ornamental  aluminum 
base  spun  on  an  enamel  cup.  The  use  of 
this  cup  is  a  real  luxury  which  the  men 
appreciate,  as  it  insures  hot  water  for 
shaving  at  all  times  and  at  just  the  right 
temperature  to  make  a  fine  lather. 

Every  one  will  appreciate  the  con- 
venience of  a  small  water  heater  to  be 
used  at  night  in  case  of  sickness,  and 
also  to  heat  the  baby's  milk.  The  electric 
heater  for  this  purpose  is  ready  to  per- 
form its  function  at  a  moment's  notice. 
The  milk  or  water  bottle  is  set  in  the 
heated  water  inside  the  heater.  The  or- 
dinary nursery  bottle  is  used  and  its  con- 
tents are  warmed  almost  instantly  after  a 
few  teaspoonfuls  of  water  are  poured 
into  the  heater. 

In  steam  and  furnace  heated  buildings 
no  way  is  provided  for  the  enjoyment  of 
that  old  fashioned  pastime  of  popping 
corn,  and  there  is  nothing  that  children 
enjoy  more  than  this  in  the  long  winter 
evenings.   The  electric  corn  popper  meets 


the  requirements.  The  bottom  of  the 
pan  is  heated  electrically  by  a  conducting 
cord  attached  to  the  lamp  socket,  though 
the  cord  and  its  attachment  are  not 
shown  in  the  cut.  A  cover  of  wire  net- 
ting is  provided,  also  little  rubber  wheels 
underneath,  so  that  the  popper  may  be 
rolled  rapidly  back  and  forth  over  the 
table  to  keep  its  contents  in  motion. 
There  are  no  face  scorching  and  arm 
cramping  which  are  attendant  upon  the 
manipulation  of  the  old  fashioned  popper 
shaken  over  live  coals. 


MAKING  TOAST  ON  THE  BREAKFAST 
TABLE. 

What  woman  will  not  appreciate  this 
little  device  which  enables  her  to  pre- 
pare delicious  toast  while  seated  with  her 
family  .  at  the  breakfast  table  ?  The 
toaster  is  neat  in  appearance  and  takes 


MAKING      TOAST      ON      THE      BREAKFAST 
TABLE. 


up  but  very  little  room  on  the  table.  An 
ordinary  cord  and  plug  connects  it  to  the 
electrolier.  Then  snap  the  switch  and 
in  a  few  minutes  the  toaster  is  ready  to 
perform  its  duty.  With  this  toaster,  a 
cofTee  percolator  and  a  chafing  dish  many 
an  appetizing  breakfast  may  be  prepared 
without  once  leaving  the  table. 


JUNDk 
SECTION 


A  TOY  MONORAIL  CAR. 

Much  has  been  written  concerning  the 
Brennan  monorail  car,  which  travels  on 
two  wheels  like  a  bicycle,  and  is  kept 
upright  through  the  action  of  a  gyro- 
scope— a  form  of  top.  The  Brennan 
car  is  too  complicated  to  imitate  on  a 
small   scale,   but,   strange  to   say,   a   car 


as  brass  angle,  one-fourth  inch  in  size, 
is  utilized.  This  is  tacked  down  to  the 
wood  base  or  roadbed,  with  the  hori- 
zontal flange  turned  inward,  and  the  up- 
right or  rail  portion  just  one-fourth 
inch  from  the  edge  of  the  board.  Where 
the  rail  follows  the  curves  of  the  loops, 
notches  may  be  cut  in  the  flange  to  fa- 


FIG.    1.     TRACK    FOR    TOY    MONORAIL   CAR. 


that  will  imitate  the  actions  of  the  Bren- 
nan invention  is  more  easily  made  than 
a  standard  form  of  four-wheel  car. 

The  track  should  be  laid  out  first.  Get 
a  four-inch  by  one-half-inch  pine  board, 
as  long  as  convenienet — at  least  four 
feet.     Loops  at  the  ends  are   necessary 


cilitate  bending.     Fig.    I   shows  the  run 
of  the  track. 

Now  get  some  strips  of  soft  sheet  iron, 
fairly  thick,  three-sixteenths  of  an   inch 
wide.     With  a  small  pair  of  pliers  1 
each    strip    into    a    series     of     steps     or 
notches,  exactly  one  inch  lone  and  one- 


FIG. 


SIDE    VIEW    OF   TRACK    A.ND    CAB 


for  the  car  to  turn,  and  Fig.  I  shows 
how  they  may  be  made  of  one-half  inch 
pine  board. 

For   the   Single   rail   a    material   known 


eighth  inch  deep.     Then  tack  thes< 
strips  on  the  under  side  o\  the  \\ 
roadbed,  exactlv  underneath  the  rail 
following  it  all  around  the  'rack.     Figs 
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^TROLLEY 
ONTACT  Wire 

•a  hoe 


FIG.      3.     SECTION     OF     TRACK     AND     END 
VIEW    OF    CAR. 


2  and  3  show  how  the  iron  is  bent  and 
placed.    The  ends  of  the  strips  are  abut- 
ted so  as  to  make  the  iron  continuous. 
This  is  an  elevated  road,  and  Figs.  2 

and  3  give  a  good  idea  of  the  wooden 
feet  which  must  be  provided  for  the 
structure  to  stand  on. 

The  trollev   wire  is  made   of   Xo.    18 


of  the  wire  is  now  coated  with  enamel  or 
insulating  varnish,  and  the  half-inch 
spaces  between  left  bare  and  clean  (Fig. 
4).  When  this  insulation  dries  the  track- 
is  complete. 

The  monorail  car  is  supposed  to  be  a 
very  high-speed  affair,  and  to  bear  out 
this  idea  the  body  of  cur  car  is  made 
pointed  at  each  end.  like  an  airship  or 
submarine  boat,  to  overcome  air-resist- 
ance. It  is  readily  glued  up  of  thick 
paper  or  cardboard,  and  stained  dark. 

The  truck  or  platform  of  the  car  is 
made  of  one-eighth-inch  wood,  about  five 
inches  Ion?  and  two  inches  wide.  On 
the  line  of  the  center,  and  near  each  end, 
are  cut  slots  1%  by  one-fourth  inch  for 
the  two  wheels,  as  in  Fig.  5.  The  wheels 
are  common  grooved  brass  pulleys, 
about  an  inch  in  diameter  and  one-eighth 
inch  thick.  The  shaft  or  axle  for  each 
wheel  is  a  straight  piece  of  steel  or  iron 


^TROLLEr 
(      W!  RE 


FIG.    4.      SECTION   OF   ROAD  BED. 


bare  copper  wire,  and  is  run  along  the 
board  a  half  inch   from  the  inner  edse 


of  the  rail  flange 
roadbed    bv 


It  is  fastened  to  the 
the    doubled    wire 


wire  one-sixteenth  inch  thick  anc]  an 
inch  long.  The  journals  or  bearings  are 
each  made  of  a  few  turns  of  brass  or 
copper  wire  tacked  to  the  under  side  of 


(^CONTACT 
SHOE 


FIG. 


UNDER    SIDE    OF    CAR   PLATFORM. 


into  holes  drilled  four  inches  apart,  as 
shown  in  Fig.  4.  The  course  of  the  wire 
is  shown  in  Fig.  1.  Measure  off  and 
mark  every  half  inch  of  the  wire  after 
it  is  in  place.     Each  alternate  half  inch 


the  platform.     A  tack  opposite  each  end 
of  the  axles  will  prevent  any  end  play 

or  shake.     The  wheels  may  be  soldered 

to  their  axles,  but  a  drop  of  cement  will 
do.  as  the  wheels  are  not  concerned  in 
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the  work  of  driving  the  car.  They  should 
run  very  freely,  but  without  any  shake. 
The  trolley  shoe,  for  collecting  the 
electric  current  from'  the  trolley  wire,  is 
a  piece  of  very  thin,  springy  brass,  three- 
eighths  inch  wide  and  about  2j^  inches 
long.  It  is  fastened  to  one  end  of  the 
platform  in  such  a  position  that  it  is 
exactly  over  the  trolley  wire  when  the 
car  is  set  upon  its  wheels  on  the  rail. 
It  is  then  bent  down  until  its  end  touches 
the  trolley  wire. 

Fig.  5  is  a  view  of  the  under  side  of 
the  car  platform,  and  shows  the  wheels, 
journals,  trolley  shoe  and  magnet. 

The  latter  is  a  simple  electromagnet, 
and  is  used  in  our  car  in  place  of  a" mo- 


exact  center  of  the  platform.  Figs.  2, 
3  and  6  show  the  construction  of  these 
parts  better  than  a  description. 

When  all  is  in  place,  the  car  should 
stand  level  on  its  rail,  with  the  magnet 
right  under  the  iron  steps,  almost,  but 
not  quite,  touching  the  latter ;  about  one- 
thirty-second  inch  clearance  is  correct. 
If  the  magnet  touches,  put  a  few  pieces 
of  paper  between  the  platform  and  the 
brass  piece.  If  the  clearance  is  too  great, 
put  a  thin  piece  of  metal  between  the 
brass  and  the  magnet.  If  the  car  tips, 
balance  it  with  a  bit  of  lead;  if  it  does 
not  stand  up  firmly  enough,  put  bits  of 
lead  ground  the  magnet  to  weigh  it 
down.  A  tap  of  the  hammer  will  fix  anv 
iron  step  that  is  too  hip-h. 


COMTACT  SHOE 


BENT   IRON  STI^IP 


FIG.     6.     RELATIVE     POSITIONS    OF    L1AGNET   AND    TRACK   SHOE. 


tor.  It  is  made  from  the  two  coils  taken 
out  of  an  electric  bell.  These  are 
screwed  to  a  piece  of  iron  \y'2  inches 
long,  three-eighth  inch  wide  and  one- 
eighth  inch  thick.  Three  holes  are  drilled 
through  this,  of  a  size  to  clear  the  screws 
that  fit  in  the  cores  of  the  coils — one 
hole  in  the  center,  and  one  one-half  inch 
on  each  side  of  the  center.  When  the 
coils  are  screwed  in  place,  they  should 
measure  exactly  an  inch  between  cen- 
ters. 

To  fasten  this  electromagnet  to  the 
car,  a  piece  of  one-half  by  one-sixteenth 
inch  brass  must  be  bent  into  a  U  shape. 
Each  bent  up  end  is  three-fourths  inch 
long,  with  a  screw  hole  one-fourth  inch 
from  the  end.  The  length  of  the  brass 
between  the  bent  ends  is  found  by  meas- 
uring the  length  of  the  completed  elec- 
tromagnet from  the  outside  of  the  yoke 
or  cross-bar  to  the  other  ends  of^  the 
cores,  and  adding  the  distance  from  the 
under  side  of  the  car  platform  to  the 
bottom  of  the  iron  steps.  The  electro- 
magnet is  then  screwed  to  one  end  of 
the  brass  piece,  on  the  inside,  and  the 
other  end  of  the  brass  is  screwed  to  the 


The  trolley  shoe  must  be  adjusted  so 
that  when  the  magnet  cores  are  even 
with  the  iron  steps,  the  shoe  is  just  pass- 
ing from  a  bare  to  an  insulated  space  on 
the  wire.  hig.  6  shows  the  arrange- 
ment. 

The  electrical  connections  are  as  fol- 
lows: From  the  trolley  shoe  to  one  coil 
of  the  magnet,  to  the  other  coil,  then  to 
one  of  the  journals.  Two  or  three  cells 
of  dry  battery  are  connected,  one  termi- 
nal to  the  rail,  the  other  to  the  trolley 
wire. 

The  car  should  run  very  easily.  Give 
it  a  gentle  start,  and  if'  everything  is 
right  it  will  attain  considerable  speed. 
leaning  inward  very  prettily  at  the  turns. 
The  current  passes  along  the  wire, 
through  the  shoe  to  the  magnet  and' 
back  through  the  journal,  wheel,  and 
track,  to  the  battery.  The  magnet  is  at- 
tracted to  the  iron  step,  and  pulls  the 
ear  along;  but  just  then  the  shoe  strikes 
the  insulation  on  the  wire,  and  the  c 
rent  ceases;  but  only  for  a  half  inch, 
when  the  magnet  receives  another  im- 
pulse, and  so  on  around  t' 

Paul  11.  Woodruff. 
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HOW  TO   PHOTOGRAPH   ELECTRIC    DIS- 
CHARGES. 

Boys  who  have  access  to  an  electrical 
laboratory  will  find  that  they  can,  with  a 
little  practice,  secure  some  very  interest- 
ing photographs  of  electrical  discharges 
as  shown  in  the  accompanying  illustra- 
tion. Any  well  equipped  high  school  lab- 
oratory contains  the  necessary  apparatus. 
The  essential  apparatus  consists  of  a 
spark  coil  capable  of  giving  a  good  dis- 


PHOTOfRAPH    OF    ELECTRIC    DISCHARGE. 

charge,  a  telegraph  key  and  six  primary 
batteries. 

First  wire  the  batteries  in  series  with 
the  coil  and  insert  the  telegraph  key  in 
one  main.  Then  get  a  piece  of  tin  a 
little  larger  than  the  photograph  you 
want,  solder  the  tin  plate  to  a  piece  of 
high  tension  cable  and  connect  to  one  of 
the  secondary  terminals  of  the  coil. 

Secure  another  piece  of  cable  like  the 
first  and  solder  a  needle  to  one  end  of  it. 
then  connect  to  the  other  secondary  ter- 
minal of  the  coil.  Darken  the  room  so 
that  not  a  speck  of  light  will  enter,  or 
wait  until  night.  Have  a  ruby  lamp  such 
as  photographers  use,  lay  the  tin  plate  on 
a  table,  lay  a  photographer's  dry  plate 
evenly  on  the  tin  plate,  then  sift  pow- 
dered sulphur  on  the  dry  plate.  Hold 
the  needle  on  the  dry  plate,  see  that  you 
are  well  insulated  from  the  needle  and 
press  down  on  the  telegraph  key  and 
make  one  spark  occur  on  the  plate. 

By  laying  different  objects  such  as 
keys,  money  and  the  like  on  the  dry  plate 
a  variety  of  designs  may  be  made. 

Harry  H.  Dougherty. 


ELECTRIC   BEDROOM   ALARM. 

Those  who  cannot  tolerate  the  loud 
ticking  of  an  alarm  clock  in  the  bed 
room  will  find  relief  in  the  electric  alarm 
device  described  below.  Any  boy  with 
a  little  ingenuity  can  connect  the  alarm, 
so  that  the  clock  will  be  outside  the 
sleeping  room  and  will  operate  an  elec- 
tric bell  within  the  room  to  awaken  the 
sleeper  at  any  predetermined  time. 

The  shelf  (X)  shown  in  the  diagram 
may  be  mounted  in  the  kitchen  or  any 
other  place  desired.  To  it  is  fastened 
the  metal  strip  (A).  Above  the  strip  is 
a  screw  (B)  passing  through  the  base 
board  (M).  A  wire  is  then  connected 
to  (A)  and  carried  to  one  terminal  of 
the  bell  which  is  located  in  the  bed  room. 
Another  wire  is  run  from  (B)  through 
a  battery,  through  the  switch  (F)  to  the 


ELECTRIC  BEDROOM  ALARM. 

other  terminal  of  the  bell.  The  switch 
is  also  located  in  the  bed  room. 

Take  any  ordinary  alarm  clock,  on 
which  the  alarm  winding  key  turns 
when  the  alarm  is  sounded,  and  fasten  a 
piece  of  heavy  wire  to  the  key  so  that 
it  will  revolve  when  alarm  is  on.  Place 
the  clock  on  the  shelf  with  one  of  the 
legs  resting  on  the  tin  strip  (A).  When 
the  alarm  is  on,  the  wire  will  revolve  till 
it  strikes  screw  (B),  thereby  completing 
connection  and  ringing  the  bell  till  the 
switch  is  opened,  which  will  require  one 
to  leave  the  bed,  thereby  preventing  that 
"second  nap." 

To  set  the  alarm  simply  remove  the 
clock  from  the  shelf,  turn  the  alarm 
key  back  about  one  inch,  and  replace 
.the  clock  on  the  shelf  with  one  leg  on  the 
tin  plate.  Before  retiring  close  the  switch. 
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ELECTRICALLY  OPERATED  CAMERA. 

Many  readers  of  the  Junior  Section 
are  no  doubt  amateur  photographers  and 
will  be  interested  in  the  electrical  cam- 
era operating  device  shown  in  the  ac- 
companying picture.  Often  it  is  desired 
to  take  a  photograph  of  a  group  with  the 
operator  among  the  others.  This  is  im- 
possible by  daylight  exposure  and  by 
flashlight  it  means.,  that  whoever  touches 
off  the  fuse  to  the  powder  must  take  a 


the  camera  and  run  the  cord  to  the 
group.  When  everything  is  in  readiness 
the  button  is  pushed  and  the  plate  ex- 
Dosed. 
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ELECTRICALLY     OPERATED     CAMERA. 

hurried  dive  into  the  group  which  is 
more  or  less  disconcerting  to  himself 
and  the  others. 

The  arrangement  shown  in  the  cut  is 
simply  a  small  electromagnet  mounted 
on  a  shelf  attached  to  the  camera  and 
with  its  armature  connected  by  a  wire 
with  the  shutter.  A  few  feet  of  lamp 
cord,  two  cells  of  dry  battery  and  a  push 
button  complete  the  apparatus.  The 
cord  is  connected  with  the  terminals  of 
the  electromagnet  with  the  batteries  and 
push  button  circuit.  When  the  circuit  is 
closed  the  armature  of  the  electromagnel 
is  pulled  down,  opening  the  shutter.  All 
that  is  necessarj  to  nhotograph  a  group 
and  the  protographer  himself  is  to  focus 


A  VERY  "SHOCKING"  PUSH  BUTTON 

Some  inquisitive  people  are  prone  to 
enter  doors  that  are  particularly  marked 
"keep  out"  or  "no  admittance."  Indeed 
such  a  sign  seems  to  make  them  all  the 
more  anxious  to  enter.  The  little  device 
described  below  is  productive  of  very 
amusing  results  and  can  be  used  any- 
where that  the  victim  stands  on  damp 
ground  or  any  surface  that  is  well  con- 
nected, electrically,  with  the  earth.  It 
will  probably  result  in  more  fun  if  a  sign 
is  placed  near  the  button  reading  some- 
thing like  this : 

•%.  >jc  ^c  >-j  >fj  >■; 

*  don't  touch       * 

*  private  sigxal     * 

Sjt      •  jjt  >■<  ^S  JJS  5j! 

Referring  to  the  diagram;   (F)  is  the 


CONNECTIONS     OF     PUSH 


usual  ebonite  case,  on  the  base  (G).  In- 
side of  (F)  is  a  circular  piece  of  fiber 
(K)  glued  or  shellaced  in  place.  A  hole 
is  'bored  through  to  accommodate  the 
fiber  pin  (B),  which  fits  loosely.  The 
regulation  ebonite  push  button  is  re- 
placed by  a  metal  one.  preferably  with 
a  shoulder  as  shown  as  (A).  (E)  and 
(D)  are  brass  strips  %  inch  wide,  and 
bent  as  shown.  (B)  is  of  wood,  fiber  or 
rubber,  shellaced  to  (A). 

Connections  from  the  primary  wires 
of  a  rather  strong  shocking  coil  are 
led  to  strips  (E)  and  ^DV  One  secon- 
dary terminal  is  well  grounded;  the 
other  goes  through  a  hole  in  (G)  and 
one  in  (C)  to  the  brass  button 
where  it  is  permanently  soldered. 

It  is  obvious  that  when  a  curious  vis- 
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itor  spies  the  completed  article  and  ex- 
pecting to  ring  a  bell,  pushes  the  brass 
piece  (E)  connection  will  be  made  with 
(D)  causing  the  coil  to  start,  and  as  the 
operator  is  standing  on  the  ground,  the 
secondary  circuit  will  be  completed  and 
a  pretty  stiff  shock  will  be  administered. 
He  will,  very  likely,  quit  ''monkeying" 
with  shop  fixtures  after  a  trial  of  this. 
G*  B.  Medearis. 


SIMPLE  ELECTRIC  ALARM. 

An  automatic  drop,  as  is  well  known, 
is   a   device   for   constantly     ringing  an 


FIG. 


CONNECTIONS  OF  ELECTRIC 
ALARM. 


electric  bell  or  lighting  a  lamp  after  the 
current  has  been  closed  by  pressure  on  a 
push  button.  One  of  very  simple  con- 
struction can  easily  be  made  in  a  few 
minutes  from  an  old  electric  bell,  a  small 


strip  of  brass  or  copper  and  two  binding 
posts  off  of  a  dry  battery.  An  alarm 
constructed  as  described  below  was  used 
successfully  to  protect  a  hen  coop  from 
marauders. 

Secure  an  old  electric  bell  and  take  off 
the  lower  magnet  spool,  being  careful  to 
leave  the  upper  one  intact.      Next  re- 
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FIG.    2. 

move  the  clapper  from  the  armature,  it 
being  mounted  at  the  point  (A2)  Fig.  I. 
Then  remove  the  contact  and  the  con- 
tact spring  from  the  armature,  leaving 
the  armature  as  shown  in  diagram  at 
(A). 

Bore  a  small  hole  in  the  armature,  or 
if  the  armature  has  a  copper  contact, 
drive  it  out  and  insert  a  small  rivet  in 
the  hole,  having  the  head  toward  the 
magnet  (B).  Next  secure  a  piece  of 
brass.  That  out  of  a  clock  is  just  right, 
as  it  will  have  a  hole  already  in  it  and 
thus  save  time  of  boring.  From  this 
strip  cut  a  section  as  shown  by  dotted 
lines  in  Fig.  2. 

New,  place  the  binding  part  (i)  just 
far  enough  away  so  that  when  the  drop 
is  in  the  position  shown  it  will  just  rest 
on  the  rivet  (J). 

Place  another  post  at  (C).  which  will 
be  within  the  radius  of  the  drop  (D),  so 
that  when  it  drops  it  will  make  a  con- 
tact with  (C).  Run  a  wire  from  (C)  to 
the  post  (E).  Place  bell,  with  drop, 
either  above  or  below  it.  Make  connec- 
tions, as  shown  in  Fig.  3,  which  are  as 
follows : 

1.  Wire  from  battery  to  push  button 
to  post  (G)  on  drop. 

2.  Wire  from  battery  to  post  (F)  on 
drop. 

3.  Wire  from  post  (E)  on  drop  to 
bell 

4.  Wire  from  battery  to  bell. 

5.  Tap  wire  to  (I)  from  wire  lead- 
ing from  (F)  to  magnet  (B). 

When  the  button  is  pushed  the  arma- 
ture (A)  is  drawn  to  the  magnet  (B) 
and  releases  drop  (D)  which  drops  to 
(C)  making  contact  with  (C)  and  (D) 
which  will  ring  the  bell  until  the  drop 
is  again  in  place.  Arthur  W.  Peek. 


QUESTIONS  AND  ANSWERS. 

Readers  of  Popular  Electricity  are  invited  to  make  free  use  of  this  department. 
Knowledge  on  any  subject  is  gained  by  asking  questions,  and  nearly  every  one  has  some 
question  he  would  like  to  ask  concerning  electricity.  These  questions  and  answers  will  be 
of   interest   and   benefit  to  many   besides   the  one  directly  concerned. 


TROUBLE    WITH    A    TELEPHONE    POLE 
CHANGER. 

Question. — At  the  place  where  I  am  em- 
ployed we  have  a  central  energy  telephone 
system,  the  ringing  energy  is  supplied  by  30 
dry  cells  which  operate  through  a  pole  changer. 
The  other  day  the  electrician  told  me  he  would 
have  to  discard  the  pole  changer  and  get  a 
motor-generator  as  it  cost  too  much  for  bat- 
teries for  they  are  renewed  once  a  month.  As 
we  have  direct  current  here  at  110  volts,  24 
hours  a  day,  I  told  him  that  he  might  cut  in 
a  resistance  and  put  the  pole  changer  on  the 
power  current  as  he  says  the  ringing  current 
is  about  50  volts.  He  said  that  would  not 
work  as  it  would  burn  out  all  of  the  relays  in 
the  exchange.  I  don't  know  anything  about 
telephone  engineering  but  I  would  like  to 
know  why  it  could  not  be  done,  and  if  so,  how 
many  ohms  resistance  would  have  to  be  cut 
in  to  reduce  the  potential  to  50  volts. 

Answer. — You  must  either  have  a 
very  heavy  ringing  load,  or  your  pole 
changer  battery  must  be  used  for  other 
purposes  besides  ringing,  because  your 
statement  that  the  battery  only  lasts  one 
month  seems  unreasonable.  A  pole 
changer  battery  consisting  of  dry  cells, 
generally  is  supposed  to  last  six  or  eight 
months. 

It  is  rather  insufficient  to  use  only  30 
dry  cells  in  connection  with  a  pole 
changer  for  ringing  on  average  tele- 
phone lines  unless  they  are  of  a  compar- 
atively short  length.  In  general  60  to  80 
dry  cells  should  be  used  if  no  valid  rea- 
son is  preventive. 

With  reference  to  using  no  volt  di- 
rect current,  instead  of  dry  cells,  by  in- 
serting a  limiting  resistance  in  the  pri- 
mary circuit,  so  as  to  bring  the  voltage 
down  to  50  volts,  this  will  be  found  to 
be  rather  impractical,  and  furthermore, 
will  only  hold  good  for  a  certain  resist- 
ance of  the  line  circuit.  If  the  resist- 
ance of  your  line  is  increased,  or  de- 
creased, the  voltage  at  the  primary  side 
of  the  pole  change*  will  increase  or  de- 
crease correspondingly. 

Disregarding  the  effect  which  causes 
the  secondary  voltage  of  the  pole  changer 
to  be  lower  than  the  primary  voltage,  we 


find  that  the  voltage  at  the  pole  changer 
terminals  is  decreased  to  50  volts,  when 
the  line  resistance  is  500  ohms,  and  a 
constant  series  resistance  of  600  ohms  is 
inserted  in  the  no  volt  power  leads,  and 
a  current  of  about  0.1  ampere  will  flow 
through  the  circuit.  However,  if  the 
line  resistance  is  decreased  to  100  ohms, 
the  voltage  at  the  pole  changer  terminals 
is  decreased  to  15.7  volts  with  a  current 
of  0.16  amperes  flowing.  If  the  voltage 
could  have  been  kept  constant  at  50 
volts,  the  current  value  would  have  been 
0.5  amperes.  Hence,  there  is  an  ad- 
vantage in  this  method  as  it  tends  to 
keep  the  current  at  a  somewhat  constant 
value.  However,  one  of  the  serious  dis- 
advantages comes  into  effect  when  the 
pole  changer  furnishes  ringing  current 
to  several  operators.  In  this  event,  two 
or  more  operators  are  liable  to  ring  on 
different  lines  simultaneously,  which  may 
give  rise  to  complications.  As  an  ex- 
ample, suppose  the  pole  changer  fur- 
nishes current  to  the  two  previously  men- 
tioned lines  at  the  same  time,  then  we 
will  find  that  under  the  same  conditions 
as  before,  the  500  ohms  line  will  take 
only  0.027  amperes,  while  the  100  ohms 
line  will  take  0.134  amperes,  which  is 
due  to  the  fact  that  the  terminal  voltage 
now  is  decreased  to  13.4  volts.  There- 
fore, you  may  understand  that  having  a 
high  limiting  resistance  in  the  circuit. 
might  possibly  prevent  a  ringer,  on  a 
long  line,  to  respond,  if  simultaneously 
other  operators  ring  on  the  lines  of  con- 
siderably lower  resistance. 

This  may  be  the  most  serious  objec- 
tion to  your  proposition.  However,  there 
is  no  danger  of  any  relay  coils  burning 
up,  due  to  ringing  current  passing 
through  them,  provided  a  proper  limit- 
ing resistance  is  introduced  in  the  pri- 
mary power  leads. 

It  would  be  rather  difficult  to  suggest 
the  most  proper  resistance  to  use,  as  this 
will  depend  upon  the  local  conditions. 
It    has   to   be  of  such   a   value   SO  it  does 
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not  prevent  any  ringer  from  responding 
under  the  most  severe  conditions,  nor 
should  a  dangerous  current  flow  upon 
ringing  on  the  shortest  line. 


WIRELESS  TELEPHONY. 

Question  —  (A)  How  can  a  simple  de- 
tector for  wireless  telephony  be  constructed, 
excepting  the  De  Forest  Audion  and  Fessen- 
den  electrolytic.  (B)  Can  a  simple  Audion 
be  constructed. — C.   L.   S.,   St.   Louis. 

Answers. —  (A)  There  is  a  large  varia- 
tion in  the  kinds  of  detectors  you  may  find 
suitable  for  wireless  telephony.  With  the 
exception  of  the  "metal  filling"  coherer 
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FIG.  1.  SIMPLE  WIRELESS  DETECTOR. 

or  other  type  which  it  is  necessary  to  tap 
to  disarrange  the  mass  when  acted  on  by 
the  wave,  almost  any  type  will  answer 
that  is  used  in  connection  with  a  tele- 
phone receiver.  A  carborundum  or  sili- 
con detector  will  answer  for  wireless 
telephony.  A  very  simple  plan  of  the 
construction  is  shown  in  Fig.  I.  (A)  rep- 
resents a  metal  standard  with  thumb 
screw  (E),  (E)  a  metal  button  and 
(DD)  binding  posts.  Carborundum  or 
silicon  crystals  are  placed  on  the  metal 
button  (B)  and  the  thumb  screw  (E) 
run  down  until  the  point  touches  the 
crystals.  The  connections  are  the  same 
as  made  for  the  electrolytic  detector  and 
the  same  rules  are  observed  in  adjusting:. 
(B)  The  simplest  form  of  Audion  is 
the  open  flame  type  first  used  by  E. 
Ruhmer  in  wireless  experiments.  This 
type  was  an  alcohol  lamp  with  two  con- 
tacts of  platinum  held  in  the  flame,  the 
lower  contact  being  large  and  the  top  a 
small  wire.  In  Fig.  2  is  shown  the  posi- 
tion in  which  the  contacts  are  placed, 
the  lower  one  resting  in  the  cool  spot  of 
the  flame  and  the  top  one  at  the  point  of 
the  greatest  heat.  This  is  the  first  type 
of  Audion  to  come  in  use.  A  second  kind 
which  is   several    times    more    sensitive 


than  the  above  consists  of  a  Bunsen 
burner  using  coal  gas  with  the  two  con- 
tacts immersed  in  the  flame,  the  lower 
one  having  a  small  trough  filled  with 
potassium    hydroxide     which     vaporizes 
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OPEN     FLAME    AUDION. 


and  makes  the  flame  more  conductive. 
When  the  proper  adjustments  have  been 
made  very  good  results  are  secured. 
However,  a  detector  of  the  first  named 
type  is  recommended  as  it  is  very  simple 
to  construct  and  sensitive.  DeForest  has 
further  extended  the  Audion  by  sealing 
the  contacts  in  an  incandescent  lamp. 


WHEATSTONE  BRIDGE  AND  VARLEY 
LOOP  TEST. 

Question.— I  would  like  better  to  under- 
stand the  method  employed  for  measuring  un- 
known resistances  by  use  of  a  Wheatstone 
bridge,  and  the  Varley  loop  test.  Will  you 
kindly  explain  it  by  illustrations. — J.  E.  T., 
Strathroy,  Ont.,  Can. 

Answer. — In  Fig.  i,  (G)  is  a  sensitive 
galvanometer,  (B)  is  a  battery,  (R)  and 
(R')  are  known  standard  resistances, 
and  (A)  is  a  known  adjustable  resist- 
ance. The  unknown  resistance  is  insert- 
ed at  (X).  The  keys  (K)  and  (K') 
serve  to  complete  the  circuit  for  mo- 
mentary readings.    To  prevent  inductive 
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disturbances,   the  key    (K')    is   only  op- 
erated while  the  key  (K)  is  depressed. 

It  is  evident  that  the  galvanometer  is 
not  included  in  the  actual  circuit  at  all, 
but  is  bridged  across  a  divided  part  of 
the  circuit,  like  an  island  in  a  stream. 
Electric  current  follows  the  path  of  least 
resistance.  If  (R)  and  (A)  offer  less 
resistance  than  (R')  and  (X),  then  the 
current  will  follow  a  zigzag  course,  pass- 


FIG.   1. 

ing  through  the  galvanometer.  If  (R) 
and  (A)  offer  the  higher  resistance,  the 
current  will  traverse  the  galvanometer 
in  the  opposite  direction.  Now  suppose 
(R)  and  (R')  are  of  the  same  resist- 
ance; it  is  obvious  that  in  order  to  pro- 
duce no  deflection  (A)  and  (X)  must 
also  be  of  the  same  resistance.  (A)  be- 
ing adjustable,  it  is  varied  until  the  gal- 
vanometer needle  is  at  zero.  The  resist- 
ance (X)  will  then  equal  the  resistance 
(A). 

The  Varley  loop     test     is     simply  an 
adaptation    of    the    Wheatstone   bridge 
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FIG.    2. 

method  to  measuring  line  resistance.  In 
Fig.  2  two  line  wires  to  be  tested  for  the 
ground  fault  are  substituted  for  (X)  in 
Fig.  I.  In  this  case  the  battery  is  ground- 
ed, which  is  exactly  the  same  as  connect- 
ing it  to  the  point  of  fault  in  the  wire. 
The  far  ends  of  the  two  line  wires  are 
twisted    together..      The    variable    resist- 


ance (A)  now  has  added  to  it  the  resist- 
ance of  the  bad  wire,  as  far  as  the 
ground  fault;  while  the  unknown  arm 
includes  the  resistance  of  the  good  wire 
plus  the  resistance  of  the  bad  wire  be- 
yond the  fault.  (R;  and  (R'j  being  the 
same,  the  resistance  from  both  sides  of 
the  ground  fault  to  the  galvanometer 
must  be  the  same  to  balance  the  needle. 
Then,  of  course,  if  we  call  the  whole  loop 
resistance  L,  and  the  resistance  of  the 
bad  wire  to  the  fault  X, 
i#L-A 
X  = 

2 

Knowing  the  resistance  per  foot  of  the 
line  wire,  the  location  of  the  fault  is 
readily  determined. 

WIRING,  AND   MOTOR    AND    TRANSFOR- 
MER OPERATION. 

Question. —  (A)  What  is  a  static  trans- 
former and  what  are  its  uses,  construction  and 
operation  Name  two  kinds  of  loss  with  no 
load  and  full  load. 

(B)  How  to  figure  the  complete  resistence 
of  an  office  building  by  the  voltmeter  process, 
and  to  detect  a  ground  in  a  conduit  system  by 
the  same  method. 

(C)  How  does  voltage  vary  according  to 
speed,  what  is  the  effect  on  the  field  windings. 
and  what  are  the  effective  armature  conduc- 
tors 

(D)  Give  two  methods  for  reversing  di- 
rection of  shunt  motor. 

(E)  Give  details  as  to  how  a  three  wire 
system  is  installed  in  a  two  flat  building, 
showing  if  possible  wiring  and  connections. — 
C.  J.  J,  Chicago,  111. 

Answers. —  (A)  A  static  transformer  is 
a  device  for  obtaining  a  higher  or  lower 
voltage  than  that  delivered  by  the  source 
of  supply,  with  the  least  possible  loss  of 
energy.  It  consists  of  two  coils — a  pri- 
mary, which  is  connected  to  the  supply, 
and  a  secondary,  which  is  connected  to 
the  load.  No  electrical  connection  exists 
between  these  coils.  The  secondary  volt- 
age is  to  the  primary  voltage  as  the  num- 
ber of  turns  of  wire  in  the  secondary 
is  to  the  number  of  turns  in  the  primary. 
The  secondary  current  (amperes)  is  to 
the  primary  inversely  as  the  secondary 
voltage  is  to  the  primary.  Step-up  trans- 
formers arc  used  to  raise  the  '  £  of  a 
generator  for  economical  transmission, 
and  for  experiment  il  work.  Step-down 
transformers  are  used  to  reduce  a  high 
line  voltage  for  safe  interior  distribution. 
to  adapt  a  voltage  to  a  certain  machine. 
for  electric  welding",  etc.      Two  kinds  of 
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losses  in  a  transformer  are  the  loss  in  the 
iron,  called  the  core  loss,  and  the  loss  in 
the  winding,  called  the  copper  loss. 

(B)  The  resistance  of  any  circuit  may 
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FIG.   1. 


VOLTMETER  METHOD   OF  DETER- 
MINING    RESISTANCE. 


be  determined  by  the  voltmeter  method, 
whether  it  be  the  wiring  of  a  building, 
the  insulation  of  a  cable,  or  merely  a 
small  coil.  Fig.  I  shows  a  voltmeter  of 
known  resistance,  a  source  of  current  of 
known  voltage,  and  the  unknown  resist- 


point  (W)  to  the  point  where  it  is 
grounded.  Knowing  the  specific  resist- 
ance of  the  wire,  the  location  of  the 
ground  fault  is  readily  determined  with 
approximate  accuracy.  However,  the 
method,  while  not  so  accurate  as  the 
bridge  method,  is  satisfactory  for  high 
resistances. 

(C)  This  question  does  not  indicate 
whether  reference  is  made  to  a  dynamo 
or  motor,  direct  or  alternating  current, 
series,  or  whether  the  winding  is  shunt 
or  compound.  Without  this  information 
the  question  cannot  be  answered. 

(D)  A  shunt  motor  may  be  reversed 
by  reversing  the  connections  of  either  the 
armature  or  the  field  to  the  line.  Re- 
versing the  connections  of  both  arma- 
ture and  field   (that  is,  simply  reversing 
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VOLTMETER     METHOD     WITH      GROUNDED   CIRCUIT. 


ance  connected  in  series.  If  V  is  the 
voltage  of  the  applied  current,  R  the 
voltmeter  resistance,  v  the  resultant  read- 
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FIG.     3.     THREE-WIRE     CIRCUIT. 

ing  of  the  voltmeter  and  X  the  unknown 
resistance,  we  have 

V-v 

X  = x  R. 

v 
The  second  part  of  the  question  is 
solved  in  the  same  way.  One  terminal  of 
the  voltmeter  is  grounded,  as  shown  in 
Fig.  2,  and  as  the  ground  has  practically 
no  resistance,  the  formula  as  applied 
gives  the  resistance  oNf  the  wire  from  the 


the  flow  of  the  current  through  the 
whole  machine)  will  not  affect  the  direc- 
tion of  rotation. 

(E)  The  three  wire  system  of  distri- 
bution is  merely  a  method  of  saving  cop- 
per in  the  line  by  allowing  a  higher  volt- 
age. Where  no  volt  lamps  are  used,  the 
difference  of  potential  between  the  two 
outer  wires  would  be  220  volts.  If  an 
equal  number  of  lamps  were  connected 
on  each  side  of  the  circuit,  it  would  be 
balanced,  and  no  current  would  flow  in 
the  center  or  neutral  wire.  The  illustra- 
tion, Fig.  3,  shows  eight  lamps  on  one 
side  and  six  on  the  other.  In  this  case,  if 
each  lamp  took  one  ampere,  only  two  am- 
peres will  flow  in  the  center  wire.  Ob- 
viously if  the  circuit  can  be  nearly  bal- 
anced the  center  wire  may  be  smaller 
than  the  others — one-half  the  size,  in 
practice.  In  a  building  such  as  you  men- 
tion, the  two  apartments  will  probably 
balance  each  other,  allowing  one  wire 
for  each,  and  a  common  neutral  wire. 


NEW    ELECTRICAL    INVENTIONS 


AUTOMATIC    HEAT    CONTROL    SYSTEM. 

Mr.  P.  A.  Brown,  i860  LaFayette 
street,  Denver,  Colo.,  is  the  inventor  of 
an  ingenious  device  for  controlling  the 
temperature  of  electrically  heated  de- 
vices, such  as  flatirons,  electric  radia- 
tors, etc.  Fig.  1  shows  the  application  of 
this  system  to  an  electric  flatiron  which 
may  be  briefly  described  as  follows : 


fig.    1. 


AUTOMATIC     HEAT    CONTROL    AS 
APPLIED  TO  FLAT  IRON. 


Within  the  body  of  the  iron  are  a  num- 
ber of  heating  coils  as  shown,  the  two 
large  coils  (13)  and  (14)  at  the  extreme 
right  being  electromagnet  coils  which 
not  only  perform  the  service  of  heating 
coils  but  also  operate  the  armature  (17) 
which  carries  the  contact  (21).  The 
regulation  of  temperature  is  directly  ac- 
complished by  the  thermostat  bar  (23) 
which  is  fastened  at  one  end  to  the  in- 
dicating lever  (25)  pivoted  at  (26). 

The  thermostat  bar  is  composed  of 
two  strips  of  metal  riveted  together  and 
having  different  coefficients  of  expansion. 
With  an  increase  of  temperature  the 
lower  bar  expands  or  lengthens  more 
than  the  top  bar  so  that  the  two.  being 
held  rigidly  together,  tend  to  curve  up- 
ward and  separate  the  contacts  at  (21) 


breaking  the  circuit  and  allowing  the 
iron  to  cool  off  to  a  point  where  the  bar 
again  straightens  out  and  closes  the  cir- 
cuit. 

The  function  of  the  indicating  lever  is 
to  throw  the  bar  to  the  right  or  left  so 
that  the  distance  between  the  contacts  at 
(21)  will  be  decreased  or  increased, 
making  the  time  required  for  the  bar  to 
heat  up  and  curve  sufficiently  to  break 
the  circuit  less  or  greater  as  the  case  may 
be.  The  indicating  lever  is  provided 
with  a  pointer  which  may  be  set  to  give 
any  heat  desired. 

The  movement  of  the  thermostat  bar 
closes  the  circuit  just  slightly,  but  enough 
to  energize  the  electromagnet  which  is 
in  series  with  the  heating  coils.  The 
plunger  of  the  electromagnet  then  forces 
the  two  contacts  at  (21)  together  firmly 
and  makes  a  good  contact.     The  circuit 


F1C 


AUTOMATIC    SEAT    CONTROL    AS 

APPLIED   TO    RADIATOR. 


is  broken  by  the  bar  and  electromagnets 
quickly,  so  that  there  is  no  injurious  arc- 
ing at  the  contacts. 

Fig,    2    illustrates    the    same    principle 
applied    to   control    the    temperature    of 
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radiators,  etc.,  the  mechanism  being  sim- 
ilar except  that  the  heating  coils  and  the 
electromagnet  thermostat  are  separate 
from  each  other. 


insulator   to   shed  the   ram   and   prevent 
leakage   currents. 


TERMINAL  FOR  ELECTRIC   CABLES. 

In  connecting  overhead  aerial  lines 
with  lead  covered  electric  cables  made 
up  of  insulated  copper  conductors,  it  is 
necessary  to  employ  a  terminal,  i.  e..  a 
joint  forming  structure  wherein  the 
cable  ends  and  from  which  the  aerial  line 
or  lines  lead,  in  order  that  moisture  may- 


be excluded  from  the  cable  insulation. 
The  accompanying  uit  shows  a  device 
for  this  purpose  recently  patented  by 
Charles  \Y.  Davis  of  Edgeworth,  Pa. 

At  the  lower  end  is  seen  the  lead  cov- 
ered cable,  the  end  of  which  enters  a 
funnel  shaped  casino-  through  a  water 
tight  joint.  The  three  conductors  of  the 
cable  branch  out  inside  the  casing,  each 
leading  to  an  insulated  plug  which  also 
enters  the  casing  through  a  water  ti^ht 
joint.  The  plugs  have  embedded  in 
them  conductors  capable  of  being  con- 
nected to  the  conductors  within  the  cas- 
ing- which  lead  from  the  lead  covered 
cable  and  to  the  aerial  line  conductors 
outside.  The  insulating  plugs  are  made 
with  petticoats  similar  to  a  high  tension 


ELECTROMAGNETIC    TORPEDO. 

A  new  scheme  for  increasing  the  ac- 
curacy of  submarine  torpedoes  has  been 
invented  by  Howard  Lacy  of  Kelvin. 
Camden  Road.  Carshaltcn.  in  the  coun- 
ty of  Surrey  England.  The  interesting 
feature  of  the  invention  consists  in  plac- 
ing powerful  electromagnets  in  the  nose 
of  the  torpedo,  so  that  when  the  latter 
comes  into  the  vicinity  of  the  steel  hull 
of  a  vessel  it  will  be  directed  to  its 
mark.  The  electromagnets  also  hold  the 
torpedo  against  the  hull  until  such  time 


as  it  is  considered  to  be  proper  for  the 
destruction  of  the  vessel. 

Current  to  energize  the  electromag- 
nets may  be  obtained  either  from  wires 
fed  out  from  the  torpedo  boat,  and 
which  also  could  be  used  for  setting  off 
the  explosive,  or  it  could  be  derived 
from  storage  batteries  located  in  the  tor- 
pedo itself. 

The  electromagnets  are  specially 
wound  with  several  sets  of  coils  for  ob- 
taining different  degrees  of  attractive 
force. 


THE  THEORIZER'S  CORNER. 

Many  of  us  have  a  pet  theory  that  we  are  aching  to  give  to  the  world  at  large. 
There  are  others  who  feel  it  their  duty  to  run  down  and  "explode"  such  theories 
wherever  possible.  This  corner  in  Popular  Electricity  is  set  aside  for  the  theorizer  and 
the  "exploder,"  so  that  they  may  meet  on  common  ground,  and  we  await  with  interest 
the  "fire  works"  to  follow.  The  department  will  be  devoted  to  theories  concerning 
electricity  and  allied  sciences. — Editor.  i 


MORE  ON  THUNDER  AND  LIGHTNING. 

I  want  to  say  to  R.  S.  that  his  version 
of  the  cause  of  thunder  and  lightning  in 
the  July  issue  seems  perfectly  absurd.  I 
would  ask  him  a  few  questions.  How 
far  is  it  from  the  earth  to  the  ether? 
If  the  ether  is  stationary  how  does  the 
earth  pass  through  it  on  its  journey? 
How  does  he  account  for  a  flash  of 
lightning  going  from  one  cloud  to  an- 
other, or  from  the  earth  to  a  cloud? 
Where  does  he  get  the  idea  of  irregulari- 
ties of  the  surfaces  of  the  ether  and  the 
atmosphere?  He  gives  us  two  distinct 
causes  but  does  not  associate  lightning 
with  thunder.  When  he  says  "the  thun- 
der is  caused  by  the  atmosphere  rushing 
into  the  vacuum  between  it  and  the 
ether"  and  "lightning  is  caused  by  the 
friction  of  the  irregular  surfaces  of  the 
ether  and  atmosphere  rubbing  together" 
it  does  not  seem  that  he  can  mean  what 
he  says.  F.  W.  S. 


local  heat  can  only  cause  a  local  partial 
vacuum  and  a  local  wind. 

E.  H.  J. 


I  believe  the  theory  of  R.  S.  (July 
issue)  is  wrong  because  ether  is  not  a 
solid.  As  we  leave  the  earth  the  air  gets 
thinner  so  gradually  that  there  is  no  cer- 
tain meeting  point  between  the  atmos- 
phere and  ether. 

Air  has  more  or  less  ether  between  its 
particles,  the  amount  depending  upon  the 
density  of  the  air.  If  the  contracting  of 
the  atmosphere  caused  a  vacuum  and  the 
expanding  caused  thunder  there  would 
be  a  continuous  roar  of  thunder  follow- 
ing the  snow  capped  mountains  around 
the  world,  especially  those  in  the  torrid 
zone. 

It  would  take  an  intense  heat,  fat- 
greater  than  we  could  stand,  to  heat  the 
atmosphere  to  any  great  decree.  The 
heating  of  the  air  close  to  the  earth,  in- 
stead of  expanding  the  whole  body,  only 
causes  the  cooler  air  from  above  to  rush 
in  and  take  the  place  of  the  warmer.      \ 


TRAVELING  BY  VORTICES. 

According  to  the  vortex  theory,  all 
matter  is  made  up  of  constantly  moving 
vortices  smaller  than  atoms  and  acting 
on  the  principle  of  a  smoke  ring.  This 
theory  of  an  elementary  vortex  as  the 
basis  of  all  matter  has  been  found  use- 
ful in  the  explanation  of  certain  chemical 
phenomena.  The  belief  is  also  becoming 
more  prevalent  among  scientists  that 
electricity  and  matter  are  one  and  the 
same  thing,  that  is,  that  matter  is  madt 
up  of  positively  and  negatively  charged 
ions  which  are  subatomical  and  identical 
in  all  forms  of  matter. 

Now  I  have  a  theory  that  all  manifes- 
tations of  energy  that  we  see  on  even' 
hand  are  but  the  combined  and  directed 
movement  of  a  great  number  of  these 
little  vortices,  which  are  made  up  in 
turn  of  the  infinitesimal  electrically 
charged  ions  whirling  around  each  other 
in  the  same  manner  that  the  particles  of 
smoke  whirl  to  form  a  traveling  smoke 
ring. 

Some  day  scientists  will  find  a  way  of 
utilizing  this  vortex  movement  of  elec- 
tricity, on  a  large  scale,  to  furnish  the  en- 
ergy for  carrying  people  through  the 
air,  which  will  be  simpler  than  the  flying 
machine  and  more  effective. 

Tn  a   small   way  this  is  done  now.  al- 
though man  must  still  depend  on  mother 
earth  to  sustain  him.    Take,  for  instance, 
the  street  car.     As  it  travels  along  over 
the  rails  what  is  its  motive  power?   S 
ply  little  whirls  oi  electric  energy  around 
the  wires  In  the  armatures  of  its  mot 
if  we  could  see  these  vortices  we  \\ 
see   a   car  start   out   from   the   barns   . 
scurry  alone   the  track  being  apparently 
carried   along   hv   these   little   whirls 
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leaves  by  a  summer  whirlwind.  But  this 
is  all  very  crude  as  yet.  We  have  to  de- 
pend on  wires  to  control  the  vortices. 
The  problem  of  the  next  century  will  be 
to  get  control  of  these  vortices  so  that 
they  may  be  projected  out  through  space 
without  wires.  Then  all  we  will  have  to 
do  will  be  to  climb  into  our  vortex  actu- 
ated car,  turn  on  the  vortex — by  an  elec- 
tric canon  or  otherwise — and  away. 

Wheels. 


ELECTRICITY  THE  LIFE   PRINCIPLE. 

The  theory  advanced  in  your  August 
issue  by  A.  E.  J.  seems  to  be  due  to  a 
very  natural  desire  of  the  philosopher  to 
generalize  and  to  see  in  how  far  one  all- 
embracing  law  may  be  detected  as  "gov- 
erning" phenomena,  organic,  and  inor- 
ganic. The  attempt  is  certainly  an  in- 
teresting one  and  the  conclusion  arrived 
at  quite  natural  on  the  part  of  an  en- 
thusiastic student  of  electricity,  which 
no  doubt  A.  E.  J.  is.  Let  me,  however, 
point  out  that  the  theory  of  the  two  con- 
flicting forces  does  not  seem  to  be  ade- 
quately illustrated.  If  hatred  gives 
place  to  love,  this  seems  to  me  to  be  an 
evolution  of  one  state  of  mind  into  an- 
other. Similarly  with  the  rest  of  the 
examples.  Darkness  does  not  seem  to 
me  to  be  a  force  conflicting  with  light, 
but  simply  to  be  a  partial  absence  of  a 
manifestation  of  force,  namely,  light. 
The  same  reasoning  holds  good  in  the 
case  of  strength  and  weakness  and  even 
as  to  good  and  evil,  for  these  are,  as 
the  former,  only  relative  terms,  meas- 
ured by  relative  standards.  Although,  as 
far  as  good  and  evil  are  concerned, 
ethics  supply  us  with  a  scientific  stand- 
ard for  appreciating  them,  yet  as  in  all 
our  knowledge,  our  morals  cannot  be 
absolute.  I  am  far  from  advancing  a 
theory  of  skepticism;  my  only  object  is 
to  show  that  we  are  very  far  from  be- 
ing able  to  define  God,  his  laws  and  his 
attributes. 

As  far  as  electricity  as  the  "life  prin- 
ciple" is  concerned  let  me  point  out  that, 
without  wishing  to  engage  in  a  contro- 
versy about  the  special  properties  and 
uses  of  electricity,  in  which,  no  doubt, 
A.  E.  J.  would  be  considerably  my  su- 


perior, I  should  like  to  point  out  that 
from  a  philosophical  point  of  view  elec- 
tricity is  but  one  manifestation  of  molec- 
ular motion,  i.  e.,  of  a  force  pervading 
the  whole  of  phenomena  accessible  to  ob- 
servation. Indeed,  it  seems  to  me  that 
electricity  is  compound  molecular  oscil- 
lation and  does  not,  therefore,  seem  to  be 
different  from  other  molecular  motion 
such  as  light  and  heat  for  instance, 
otherwise  than  in  being  compound  in- 
stead of  simple.  If  this  is  the  case, 
which  I  do  not  doubt  it  is,  then  we  have 
to  go  much  farther  in  the  definition  of 
that  force  of  which  we  have  so  many 
variegated  manifestations.  Naturally  the 
principle  suming  up  all  the  manifesta- 
tions of  force  in  the  simplest  manner 
will  be  the  most  satisfactory  and  I  think 
that  up  to  now  we  have  not  arrived  at 
a  more  general  law  of  force  than  this: 
"Action  and  reaction  are  equal  and 
opposite."  Manifestly  this  does  not 
give  us  the  idea  of  God  which 
we  are  so  anxiously  striving  to  arrive  at, 
yet  it  helps  us  a  great  deal  in  summing 
up  and  comparing  the  great  results  of  all 
scientific  research.  A.  E.  J.  needs  not 
in  any  way  be  discouraged  by  this,  for 
he  must  remember  that  the  marvels 
which  surround  us  are  so  many  and  so 
complicated  that  it  is  quite  natural  that 
many  attempts  have  to  be  made  in  order 
to  arrive  at  the  smallest  conclusion. 
After  all  what  is  a  lifetime  in  such  mat- 
ters? Let  us  not  despair  but  wonder  at 
the  marvels  which  everywhere  invite  our 
attention.  It  is  by  long  continued  en- 
quiry and  indefatigable  study  that  we 
learn  to  despise  the  pride  of  "scientists" 
and  to  pity  the  pride  of  ignorance.  Does 
not  A.  E.  J.  asree  with  me? — H.  H. 


ELECTRIC  TORPEDO  FISH. 

The  torpedo  fish  is  one  of  the  most 
dangerous  inhabitants  of  the  sea.  The 
torpedo  is  a  disk-like  creature,  frequent- 
ly attaining  a  length  of  five  feet  and 
weight  of  200  pounds.  They  abound  on 
the  Atlantic  coast  and  sometimes  fisher- 
men who  make  them  captive  in  their  nets 
are  very  sorry  for  it.  Recklessly  han- 
dled, the  torpedoes  quickly  wreak 
vengeance  on  their  captors.  The  shocks 
they  give  is  tremendous,  and  strong  men 
have  often  been  knocked  down  and  par- 
alyzed for  a  considerable  time. 
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"Please  Miss,  Mr.  Jones  has  called,  and  I've 
shown  liim  in  to  the  drawing  room.  He  said 
you   were  expecting  him." 

"Oh,  Jane,"  cried  Miss  Smith,  in  a  flutter  of 
excitement,  "go  and  fight  the  liar." 

Jane's  face  was  a  picture,  and  it  was  not  till 
she    was    half    way    down    the    stairs    that    she 
realized   her  mistress  wanted  the  fire   lit. 
*     *     * 

Angler— "Is  it  against  the  law  to  fish  in  this 
stream,  can  you  tell  me?" 

Native — "No,  but  it's  against  common  sense. 
There  ain't  no  fish  in  it." 


"I  never  pretend  to  know  a  thing  when  I  do 
not,"  remarked  Bennie,  "When  I  don't  know 
a  thing  I  say  at  once:  'I  don't  know  it.'  " 

"A  very  proper  course,"  said  Logg,  "but  how 
exceedingly  monotonous  your  conversation  must 
be,   Bennie." 

*  *     * 

A.  M.  Downes,  late  secretary  of  New  York's 
Fire  Department,  related  at  a  dinner  a  fire- 
story. 

"At  the  end  of  the  first  act  of  a  drama,"  he 
said,    "a  man   leaped   hurriedly  to  his   feet. 

"  'I  heard  an  alarm  of  fire,"  he  said.  "I  must 
go  and    see   where  it   is." 

"His  wife,  whose  hearing  was  less  acute, 
made  way  for  him  in  silence,  and  he  disap- 
peared. 

"  'Tt   wasn't   fire,"   he   said,    on   his   return. 

"  'Not  water,    either,"    said   his  wife,    coldly." 

*  *     * 

"What  in  the  world  is  that  man  doing,  lying 
on   his   back   under  that   mule?" 

"Oh,  don't  worry  about  him,  he  is  only  an 
absent-minded    chauffeur. 

*  *     * 

First  Farmer — That  new  hired  man  of  yours 
must  have  been  a  bookkeeper  before  he  came 
to   you. 

Second   Farmer — Why  so? 

First  Farmer— I  notice  that  everv  time  he 
stops  work  for  a  few  minutes  he  puts  the  pitch- 
fork  behind  his  ear. 

*  *     * 

Footsore  and  weary  he  sank  to  the  ground 
and   bit   the  dust. 

"Now  shamefully  sad!"  cried  the  populace. 
"And  to  think  he  perished  in  the  very  sight 
of  home!" 

But  there  was  no  help  for  it. 

The  marble-hearted  umpire  refused  to  re- 
verse   his   decision. 

*  *     * 

Mike— "Why  do  them  false  eves  bo  made 
of   fflPSS?" 

Pat— "Shu re,  an'  how  else  could  they  see 
through  thim,  ye  thick  head?" 

*  *    * 

Mistress — "I    told    you    hours    ago    to    turn    OH 

the  gas  in  the  parlor,  Bridget." 

Bridget — "Shure,  and  1  did,  muni  Don'1  yea 
smell  it?" 


gintle- 
braver 

the 


Pat — "Yez  may  say  what  yez  plaze; 
men,  it's  not  onywhere  ye'll  be  findin 
men  thon  the  Irish." 

Banter — "Come    off,    Pat.      It    was    only 
other  night  I  made  five  of  them  run." 

Pat — "And  was  it  long  they  were  in  catchin' 
ye?" 

*  *     * 

Jimson  was  paying  an  evening  call,  and  Eva 
Fuffington,  happy  in  the  knowledge  that  35 
minutes  patient  toil  had  fixed  her  kiss  curl  in 
the  most  fetching  manner,  was  bringing  him 
around  to  the  style  of  conversation  which 
might  lead  to  anything  from  a  snatched  kiss  to 
wedding  bells  and  confetti,  when  rat-a-tat  came 
a  knock  at  the  front  door. 

"Bother,"  said  Eva.  peeping  out  of  the  win- 
dow,   "it's    that    horrid    little    Borbev." 

"Say  you're  out,"  prompted  Jimson. 

"One  of  my  New  Years'  resolutions  was  to  tell 
no  stories.      Shall  I  say  I  am  engaged?" 

And  Jimson  guiless  and  lamb-like,  was 
hooked. 

*  *     * 

Mr.  Meanie — "I  have  nothing  but  praise  for 
the  new  minister." 

Mr.  Goode — "So  I  noticed  when  the  plate  came 
around." 

*  *     * 

When  Dr.  Creighton  was  bishop  of  London  he 
rode  in  a  train  one  day  with  a  small,  meek 
curate.  Dr.  Creighton.  an  ardent  lover  of  to- 
bacco, soon  took  out  his  cigar  case,  and  with 
a  smile   he  said: 

"You    don't   mind   my   smoking.   I   suppose?" 

The  meek,  pale  little  curate  bowed  and  an- 
swered  humbly: 

"Not  if  your  lordship  doesn't  mind  my  being 
sick."— Good    Health. 

*  *     * 

What    was   the    fruit    of   your   wooing0 
A   mixture   of  varieties.     I   had  a    peach   who 
was  the  apple  of  my  eye.     l  sought -to  make  a 
pair   with   her,   and   made  a   date,   but    when   the 
time  came,   she   handed   me  a   lemon. 


"A  lady  boarded  the  train  the  other  day 
with  si\  children  who  were  from  eight  to 
four  years  old.  When  it  was  time  for  the  con- 
ductor to  come  around,  she  took  the  oldest  one 
and  put  him  on  the  seat  and  put  the  others 
on  top  of  him  according  to  their  sise.    When  the 

conductor  asked  her  for  her  fare,  she  handed 
him  one  ticket  He  looked  at  her  and  said: 
••Madam,  how  old  are  these  children?"  The 
lady   replied:     "Why,    the   oldest    one   Is  under 

five." 

#     *     * 

Mrs.    A. — "Does    Mrs.    Lovelorn    believe    every- 
thing her  husband  tells  her?" 
Mrs    p.     "Does  she?     Well   T   should   say   so, 

lie    told    her   last    week    she    looked    prettier   with 

a   towel  wrapped  around  her  head   than  s 

with  a    "Merry   Widow'   hat  and  the  dear  little 

woman   has   been   house-cleaning   ever  stl 


ELECTRICAL  DEFINITIONS. 


Accumulator. — Storage    battery. 

Alternating  Current. — That  form  of  electric 
current  the  direction  of  flow  of  which  reverses 
a  given  number  of  times  per  second. 

Ammeter. — An  instrument  for  measuring  elec- 
tric current. 

Ampere. — Unit  of  current.  It  is  the  quantity 
of  electricity  which  will  flow  through  a  re- 
sistance of  one  ohm  under  a  potential  of  one 
volt. 

Ampere  Hour. — Quantity  of  electricity  passed 
by  a  current  of  one  ampere  flowing  for  one 
hour. 

Anode. — The  positive  terminal  in  a  broken 
metallic  circuit;  the  terminal  connected  to  the 
carbon  plate   of  a   battery. 

Armature. — That  part  of  a  dynamo  or  motor 
which  carries  the  wires  that  are  rotated  in  the 
magnetic  field. 

Branch  Conductor. — A  parallel  or  shunt  con- 
ductor. 

Brush. — The  collector  on  a  dynamo  or  motor 
which  slides  over  the  commutator  or  collector 
rings. 

Bus  Bars. — The  heavy  copper  bars  to  which 
dynamo  leads  are  connected  and  to  which  the 
out-going  lines,  measuring  instruments,  etc.,  are 
connected. 

Buzzer. — An  electric  alarm  similar  to  an 
electric  bell,  except  that  the  vibrating  member 
makes  a  buzzing  sound  instead  of  ringing  a 
bell. 

Candle  Power. — Amount  of  light  given  off  by 
a  standard  candle.  The  legal  English  and 
standard  American  candle  is  a  sperm  candle 
burning  two  grains  a   minute. 

Capacity,  Electric. — Relative  ability  of  a  con- 
ductor or  system  to  retain  an  electric  charge. 

Charge. — The  quantity  of  electricity  present 
on    the  surface   of  a   body   or  conductor. 

Choking  Coil. — Coil  of  high  self-inductance. 

Circuit. — Conducting  path  for  electric  current. 

Circuit-breaker. — Apparatus  for  automatical- 
ly opening  a  circuit. 

Collector  Rings. — The  copper  rings  on  an 
alternating  current  dynamo  or  motor  which  are 
connected  to  the  armature  wires  and  over 
which  the  brushes  slide. 

Commutator. — A  device  for  changing  the  di- 
rection  of   electric   currents. 

Condenser. — Apparatus  for  storing  up  elec- 
trostatic charges. 

Cut-out. — Appliance  for  removing  any  ap- 
paratus from  a  circuit. 

Cycle. — Full  period  of  alternation  of  an  alter- 
nating current  circuit. 

Diamagnetic. — Having  a  magnetic  permeabil- 
ity inferior  to  that  of  air. 

Dielectric. — A  non-conductor. 

Dimmer. — Resistance  device  for  regulating  the 
intensity  of  illumination  of  electric  incandescent 
lamps.      Used  largely  in  theaters. 

Direct  Current. — Current  flowing  continuously 
in  one  direction. 

Dry  Battery. — A  form  of  open  circuit  battery 
in  which  the  solutions  are  made  practically 
solid  by  addition  of  glue  jelly,  gelatinous  silica, 
etc. 

Electrode. — Terminal  of  an  open  electric  cir- 
cuit. 

Electromotive  Force. — Potential  difference 
causing  current -to  flow. 

Electrolysis. — Separation  of  a  chemical  com- 
pound into  its  elements  by  the  action  of  the 
electric  current. 

Electromagnet. — A  mass  of  iron  which  is 
magnetized  by  passage  of  current  through  a 
coil  of  wire  wound  around  the  mass  but  in- 
sulated  therefrom. 

Electroscope. — Instrument  for  detecting  the 
presence  of  an  electric  charge. 

Farad. — Unit  of  electric  capacity. 

Feeder. — A  copper  lead  from  a  central  station 
to  some  center  of  distribution. 

Field  of  Force. — The  space  in  the  neighbor- 
hood of  an  attracting  or  repelling  mass  or 
system. 

Fuse. — A  short  piece  of  conducting  material 
of  low  melting  point  which  is  inserted  in  a 
circuit  and  which  will  melt  and  open  the  cir- 
cuit when   the  current  reaches  a   certain  value. 


Galvanometer. — Instrument  for  measuring  cur- 
rent strength. 

Generator. — A  dynamo. 

Inductance. — The  property  of  an  electric  cir- 
cuit by  virtue  of  which  lines  of  force  are  de- 
veloped around  it. 

Insulator. — Any  substance  impervious  to  the 
passage  of  electricity. 

Kilowatt.— 1,000    watts.       (See    watt.) 

Kilowatt-hour. — One  thousand  watt   hours. 

Leyden  Jar. — Form  of  static  condenser  which 
will   store  up  static  electricity. 

juightning  Arrester. — Device  which  will  per- 
mit the  high-voltage  lightning  current  to  pass 
to  earth,  but  will  not  allow  the  low  voltage  cur- 
rent of  the  line  to  escape. 

Motor-generator. — Combined  motor  and  gen- 
erator for  changing  alternating  to  direct  current 
or  vice  versa. 

Motor-dynamo. — Motor  and  dynamo  on  the 
same  shaft,  for  changing  alternating  current  to 
direct  and  vice  versa  or  changing  current  of 
high  voltage  and  low  current  strength  to  cur- 
rent of  low  voltage  and  high  current  strength 
and  vice  versa. 

Multiple. — Term  expressing  the  connection  of 
several  pieces  of  electric  apparatus  in  parallel 
with  each  other. 

Multiple   Circuits. — See   parallel   circuits. 

Neutral  "Wire. — Central  wire  in  a  three-wire 
distribution  system. 

Ohm. — The  unit  of  resistance.  It  is  arbi- 
trarily taken  as  the  resistance  of  a  column  of 
mercury  one  square  millimeter  in  cross  sectional 
area  and  106   centimeters  in  length. 

Parallel  Circuits. — Two  or  more  conductors 
starting  at  a  common  point  and  ending  at  an- 
other common  point. 

Polarization. — The  depriving  of  a  voltaic  cell 
of  its  proper  electromotive  force. 

Potential. — "Voltage. 

Resistance. — The  quality  of  an  electrical  con- 
ductor by  virtue  of  which  it  opposes  the  pas- 
sage of  an  electric  current.  The  unit  of  re- 
sistance is  the  ohm. 

Rheostat. — Resistance  device  for  regulating  the 
strength  of  current. 

Rotary  Converter. — Machine  for  changing 
high-potential  current  to  low  potential  or  vice 
versa. 

Secondary  Battery. — A  battery  whose  positive 
and  negative  electrodes  are  deposited  by  cur- 
rent from  a  separate  source  of  electricity. 

Self-inductance. — Tendency  of  current  flowing 
in  a  single  wire  wound  in  the  form  of  a  spiral 
to  react  upon  itself  and  produce  a  retarding 
effect    similar   to    inertia   in   matter. 

Series. — Arranged  in  succession,  as  opposed  to 
parallel  or  multiple  arrangement. 

Series  Motor. — Motor  whose  field  windings  are 
in   series  with  the  armature. 

Shunt. — A  by-path  in  a  circuit  which  is  in 
parallel  with  the  main   circuit. 

Shunt  Motor. — Motor  whose  field  windings 
are  in  parallel  or  shunt  with  the  armature. 

Solenoid. — An  electrical  conductor  wound  in 
a  spiral  and  forming  a  tube. 

Spark-gap. — Space  between  the  two  ends  of 
an   electric  resonator. 

Storage  Battery. — See  secondary  battery. 

Thermostat. — Instrument  which,  when  heated, 
closes  an  electric  circuit. 

Transformer. — A  device  for  stepping-up  or 
stepping-down  alternating  current  from  low  to 
high  or  high  to  low  voltage,  respectively. 

Volt. — Unit  of  electromotive  force  or  potental. 
It  is  the  electromotive  force  which,  if  steadily 
applied  to  a  conductor  whose  resistance  is  one 
ohm,  will  produce  a  current  of  one  ampere. 

Voltage. — Potential  difference  or  electromotive 
force. 

Volt  Meter. — Instrument  for  measuring  volt- 
age. 

Watt. — Unit  representing  the  rate  of  work  of 
electrical  energy.  It  is  the  rate  of  work  of 
one  ampere  flowing  under  a  potential  of  one 
volt.  Seven  hundred  and  forty-six  watts  rep- 
resent one  electrical  horse  power. 

Watt-hour. — Electrical  unit  of  work.  Rep- 
resents work  done  by  one  watt  expended  for  one 
hour. 
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ELEMENTARY  ELECTRICITY. 

BY   PROF.    EDWIN   J.    HOUSTON,   PH.   D.  (PRINCETON ) . 
CHAPTER   VII LUMINOUS    EFFECTS    OF    ELECTRIC  DISCHARGES. 


As  we  have  already  seen,  light  differs 
from  heat  only  in  that  the  to-and-fro 
motions  of  the  molecules  of  a  heated 
luminous  body  are  far  more  rapid  than 
those  of  a  non-luminous  heated  body. 
The  passage  of  electric  discharges 
through  circuits  must  therefore  produce 
light,  as  soon  as  the  temperature  reaches 
a  certain  value. 

Generally  speaking,  an  electric  dis- 
charge can  be  caused  to  produce  lumin- 
ous effects  in  the  following  ways : 

(1)  By  the  passage  of  the  discharge 
through  air  or  other  gases.  In  both  the 
lightning  discharge  and  the  electric 
spark,  the  light  is  due  to  the  incan- 
descence of  the  molecules  of  the  air  or 
gas  through  which  the  discharge  passes. 

(2)  By  the  passage  of  the  discharge 
through  carbon  vapor,  or  through  the 
vapor  of  a  metal  that  has  been  produced 
by  deflagration,  or  vaporization  by  heat. 

When  a  sufficiently  powerful  discharge 
is  passed  between  two  rods  of  carbon 
that  are  placed  in  contact  with  each  oth- 
er, and  then  gradually  drawn  apart,  a 
brilliant  arc  or  bow  of  light  appears  be- 
tween them.  This  is  known  as  the  car- 
bon, or  voltaic  arc,  and  is  partly  due  to 
the  incandescence  or  glowing  of  the  car- 
bon vapor.  As  we  shall  afterwards  show, 
the  greater  proportion  of  the  light  is  due 
to  the  incandescence  of  the  ends  of  the 
carbon  rods. 

(3)  By  the  passage  of  an  electric  dis- 
charge through  the  fragments  of  metal 
or  metallic  salts  that  are  mechanically 
torn  off  the  electrodes.     As  the  discharge 


passes  these  fragments  are  deflagrated  or 
volatilized,  and  their  molecules  heated 
to  incandescence.  The  color  of  the  light 
so  produced  varies  with  the  character  of 
the  metal  or- metallic  salts.  When  taken 
between  rods  of  copper,  such  a  discharge 
has  a  green  color.  Between  rods  of  zinc 
it  assumes  a  bluish  white.  When  the 
electrodes  are  saturated  with  a  salt  of 
soda,  such  as  common  table  salt,  it  as- 
sumes a  yellow  color ;  between  salts  of 
lime,  a  violet  red ;  between  salts  of  sodi- 
um, a  violet  color ;  between  salts  of 
strontium,  a  crimson  or  deep  red  color. 

(4)  By  the  passage  of  a  discharge 
through  solid  conductors,  such  as  fila- 
ments of  carbon  or  thin  metallic  wires. 
Here,  the  amount  of  heat  is  liberated  in 
so  small  a  space  that  the  conductor  glows 
by  incandescence. 

It  will  be  observed  that  in  all  these 
cases  the  light  is  due  to  incandescence. 
The  discharge  heats  portions  of  the  cir- 
cuit to  such  an  extent  that  the  to-and-fro 
motions  of  the  molecules  become  suffi- 
ciently rapid  to  produce  light  waves  in 
the  ether.  The  portion  of  the  circuit 
affected  may  consist  of  molecules  of  the 
air  through  which  the  discharge  passes : 
it  may  consist  of  molecules  of  the  vapor 
of  carbon  ;  of  the  vapors  of  the  metals 
or  the  metallic  salts  torn  off  from  the 
electrodes,  or  of  the  molecules  of  the 
solid  terminals  o\  the  conductors. 

Besides  these  four  ways  of  producing 
light  by  electric  discharges,  there  is  an- 
other differing  from  anv  of  them:    i.  e.  : 

(5)  By     fluorescence     or     phosphor- 
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escence.  The  passage  of  an  electric  dis- 
charge through  any  vacuous  space  may 
result  in  the  production  of  light  that 
completely  fills  the  space.  This  light  is 
due  to  the  incandescence  of  the  molecules 
of  air  or  other  gas  that  have  not  been 
removed  during  exhaustion.  On  the  pas- 
sage of  the  discharge,  the  molecules  col- 
liding with  one  another  are  raised  to  in- 
candescence. The  passage  of  the  dis- 
charge, however,  may  not  render  the 
space  very  luminous.  This  is  especially 
so  if  the  vacuum  is  so  high,  and  the  mole- 
cules of  the  remaining  gas  are  so  few,  as 
to  prevent  their  colliding  with  one  an- 
other. In  such  cases,  the  molecules  mov- 
ing across  the  entire  space  within  the 
vessel  without  colliding  produce  little  or 
no  light.  They  do,  however,  produce 
light  when  they  strike  against  the  walls 
of  the  vessel.  They  especially  produce 
light  if  they  are  permitted  to  bombard 
or  be  projected  against  a  variety  of  sub- 
stances possessing  the  power  of  fluor- 
escence or  phorsphorescence.  Under 
these  circumstances  the  fluorescent  or 
phosphorescent  substances  glow  or  emit 
light  not  only  while  they  are  being  bom- 
barded, bu,t  also  for  some  time  after- 
wards. The  bombardment  causes  their 
molecules  to  be  set  into  vibrations  suffi- 
ciently rapid  to  produce  light,  and  these 
vibrations,  like  the  to-and-fro  movements 
of  the  string  of  a  musical  instrument 
which  has  been  struck,  continue  to  vi- 
brate and  emit  light  for  some  time  after 
the  bombardment  ceases. 

When  any  solid  body  is  gradually  heat- 
ed so  as  to  become  luminous,  when  it 
first  begins  to  glow,  it  emits  a  dark  red 
light.  As  its  temperature  increases, 
this  red  light  assumes  an  orange  tint ;  or, 
in  other  words,  it  is  accompanied  by 
orange  light. 

At  still  higher  temperatures,  yellow 
light  is  given  off  by  the  heated  body 
which  is  now  also  emitting  red,  orange 
and  yellow  colored  rays.  As  the  tem- 
perature is  still  further  increased  a 
greenish  light  is  emitted  along  with  the 
others,  then  a  bluish  light,  then  a  dark 
blue  or  indigo  light,  and  finally  a  white 
colored  light.  The  glowing  solid  is  now 
emitting  a  great  variety  of  colored  rays ; 
i.  e.,  the  red,  orange,  yellow,  green,  blu- 
ish, indigo  and  violet.  In  other  words, 
if  its  temperature  is  sufficiently  high  it 


emits  a  dazzling  white  light  not  unlike 
sunlight  in  color. 

The  different  colors  in  the  white  light 
of  the  sun  or  other  highly  heated  solid 
cannot  be  detected  by  the  unassisted  eye, 
since  they  produce  the  sensation  of  white 
only.  If,  however,  a  narrow  slice  of 
white  light,  such  as  that  of  the  sun,  is 
permitted  to  enter  a  dark  room  through 
a  narrow  rectangular  slot  in  a  shutter, 
shown  in  Fig.  48  ("Elements  of  Natural 
Philosophy,"  Houston),  falling  on  the 
floor  at  (K),  it  will  produce  a  bright 
spot  of  light  of  approximately  the  dimen- 
sions of  the  opening.     If,  now,  a  prism 
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FIG.    48.     SEPARATION    OF    LIGHT    COLORS 
BY  A  PRISM. 

(P)  is  placed  so  as  to  cause  the  light 
to  pass  through  it,  the  light  will  be 
turned  out  of  its  course  by  refraction, 
and  instead  of  falling  on  the  floor  will 
now  fall  on  the  wall  opposite  the  open- 
ing. But  instead  of  being  merely  re- 
fracted or  turned  out  of  its  course,  the 
light  is  separated  into  its  different  col- 
ored rays,  and  is  spread  out  in  a  length- 
ened band  of  colored  lights  called  a  spec- 
trum. As  shown  in  the  cut,  the  colors 
of  the  spectrum  are  represented  bv  the 
initial  letters  (R),  (O),  (Y),  (G),"(B), 
(I)  and  (V).  As  will  be  seen  the  differ- 
ent colors  are  refracted  or  turned  out  of 
their  course  to  a  different  degree,  the  red 
light  being  the  least  and  the  violet  the 
most  refracted. 

It  must  not  be  supposed  that  there  are 
only  seven  different  colors  in  the  solar 
spectrum.  On  the  contrary,  there  are 
thousands  of  different  tints  of  red, 
orange,  etc.  The  common  names,  red 
orange,  etc.,  are  merely  given  to  the  col- 
lections of  reds,  oranges,  etc.,  as  a  matter 
of  convenience. 

Now  when  light  is  produced  by  gradu- 
ally heating  a  solid  substance  the  reds 
are  the  first  to  appear.    As  the  tempera- 
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ture  of  the  solid  increases  the  different 
colored  rays  of  orange  appear,  then  the 
yellow  colored  rays  and  so  on  up  to  the 
violet,  when  the  conductor  becomes  white 
hot.  If,  therefore,  a  solid  conductor, 
such  as  the  filament  of  an  incandescent 


discharge  to  pass  through  the  air  from 
cloud  to  cloud,  or  from  a  neighboring 
cloud  to  the  earth.  It  is  true  this  time  is 
quite  small,  probably  only  something  in 
the  neighborhood  of  1-100,000  of  a  sec- 
ond.    The  light   continues    for   at   least 


FIG.  49.     BRANCHED  ELECTRIC  DISCHARGE. 


lamp  is  to  be  employed  for  converting 
electric  energy  into  luminous  energy  for 
the  purposes  of  illumination,  it  is  neces- 
sary to  raise  its  temperature  as  high  as 
possible,  so  as  to  obtain  all  the  colors  that 
are  present  in  sunlight.  Unless  the  light 
employed  for  artificial  illumination  con- 
tains the  same  colors  that  are  present 
in  sunlight,  it  will  not  be  possible  correct- 
ly to  reproduce  the  true  color  values  of 
colored  objects. 

The  most  marked  luminous  effects  pro- 
duced by  an  electric  discharge  are  seen  in 
the  lightning  flash,  which,  as  is  well 
known,  consists  of  an  electric  discharge 
passing  through  the  air  that  lies  between 
a  neighboring  cloud,  or  between  a  cloud 
and  the  earth.  As  the  electricity  passes 
through  the  molecules  of  air  that  lie 
in  its  path,  they  are  set  into  the  rapid 
to-and-fro  motions  capable  of  producing 
light.  The  blinding  flash  of  the  light- 
ning discharge  is  due  to  the  high  tem- 
perature so  produced.  Especially  heavy 
lightning  flashes  may  produce  a  greater 
quantity  and  a  more  dazzling  light  than 
others,  since  the  greater  quantity  of  elec- 
tricity discharged  may  not  only  pass 
through  a  greater  number  of  air  parti- 
cles, but  may  also  raise  them  to  a  some- 
what higher  temperature. 

The  incandescence  of  air  molecules 
only  continues  while  the  discharge  is 
passing.  The  highly  heated  particles  rip- 
idly  lose  their  temperature  when  the  dis- 
charge ceases  to  pass,  and  soon  become 
non-luminous.  It  is  a  mistaken,  though 
common,  belief,  that  a  lightning  flush  is 
instantaneous.     Time  is  required  for  the 


this  time,  and,  indeed,  for  a  trifle  longer, 
since  some  time  is  required  for  the  glow- 
ing air  in  the  path  of  the  discharge  to 
cool  below  incandescence. 

The  electric  spark,  or  the  flash  of  light 
produced  by  an  electric  discharge  passing 
through  the  air,  is  of  the  same  charac- 
ter as  the  lightning  flash,  with  of  course 
a  ridiculous  difference  between  the  dis- 
tance through  which  the  discharge 
passes,  as  well  as  the  amount  of  electric- 
ity that  forms  the  discharge.  In  the  light- 
ning flash  the  amount  of  the  discharge 
and,  consequently,  the  temperature  of  the 
air  particles  that  lie  in  its  path,  are  almost 
always  sufficiently  great  to  produce  a 
dazzling  white  light.  In  small  spark  dis- 
charges that  pass  say  through  only  the 
fraction  of  an  inch,  the  quantity  of  elec- 
tricity may  be  so  small  that  the  light  pro- 
duced is  only  of  a  bluish  or  purplish 
color.  In  such  cases,  however,  if  the 
amount  of  the  discharge  is  increased,  say 
by  accumulating  the  charge  in  a  Ley  den 
jar  or  a  battery,  the  temperature  is  in- 
creased and  the  spark  assumes  the  daz- 
zling white  light  of  the  lightning  dis- 
charge. 

When  the  distance  through  which  a 
disruptive  discharge  passes  is  small,  the 
path  of  the  discharge  is  nearly  straight. 
Sometimes,  however,  the  discharge  takes 
the  branched  path.  This  shape  is  espe- 
cially apt  to  occur  when  the  discharge 
passes  between  bodies  that  have  large 
areas  and  are  somewhat  further  apart  as 
represented  in  Fig,  40  ("Electricity  in 
Everyday  Life."  Houston). 

In   the   cases   already   mentioned,   the 
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light  is  produced  only  in  the  particles  of 
air  that  lie  in  the  path  of  the  discharge. 
The  metallic  conductors  lying  in  this 
path,  although  heated  by  its  passage, 
are  not  sufficiently  heated  to  make  them 
luminous. 

In  the  apparatus  shown  in  Fig.  50 
(Guillemin),  a  glass  plate,  supported  in 
a  vertical  position,  has  one  of  its  faces 
partially  covered  with  a  long  narrow 
strip  of  tinfoil  attached  to  it  in  a  zig-zag 
path.  When  a  discharge  from  an  electric 
machine  is  passed  through  this  strip,  it 


FIG.    50.     DESIGN  PRODUCED  BY  ELECTRIC 
DISCHARGE. 

produces  no  luminous  effects.  If,  how- 
ever, portions  of  the  tinfoil  are  removed, 
so  as  to  leave  minute  breaks  that  follow 
one  another  in  such  a  manner  as  to  pro- 
duce a  design,  such  as  shown  in  the  fig- 
ure, as  the  discharges  passes,  it  jumps 
across  the  air  spaces,  practically  in- 
stantaneously and  produces  a  luminous 
picture. 

The  shape  of  a  luminous  electric  dis- 
charge occurring  in  air  is  of  course  that 
of  the  air  particles  through  which  it 
passes.  If  the  length  of  the  discharge 
between  the  two  conductors  represented 
in  Fig.  51  (Guillemin)  is  comparativelv 
small,  the  discharge  assumes  a  nearly 
straight  shape  there  shown.  As  the  dis- 
tance increases  the  discharge  assumes 
an  irregular,  apparently  zig-zag  path.  If 
the  distance  is  still  further  increased,  as 


m  Fig.  52  (Guillemin),  the  discharge 
assumes  the  more  complicated  shape  of 
the  branching  brush  there  shown.  If  the 
distance  becomes  still  greater,  a  form  of 
discharge  known  as  the  brush  discharge 
occurs.  This  discharge  presents  the  ap- 
pearance shown  in  Fig.  53   ("Electricity 


FIG.     51.     A     STRAIGHT    DISCHARGE. 

in  Everyday  Life,"  Houston).  It  pos- 
sesses certain  curious  properties  that  will 
be  afterwards  referred  to  under  the  me- 
chanical effects  of  the  discharge.  The 
discharge  is  then  called  a  convective  dis- 
charge, from  the  currents  it  sets  up  in  the 
surrounding  air. 

The  color  of  an  electric  discharge 
varies  with  the  nature  of  the  gas  through 
which  it  passes.  It  is  of  a  reddish  violet 
color  when  passed  through  hydrogen; 
green,  through  carbonic  acid  gas  ;  bluish 


FIG. 


BRANCHING  BRUSH  DISCHARGE. 


or    purple,    through     nitrogen ;    reddish 
green,     through    marsh     gas;      whitish. 

gas,     and 


through     hydrochloric     acid 
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bright  green  through  the  vapor  of  mer- 
cury. 

The  passage  of  an  electric  discharge 
through  a  vacuous  space,  produces  colors 
that  vary  not  only  with  the  character 
of  the  residual  gas  that  fills  the  space, 
but  also  with  the  degree  of  the  vacuum 
and   therefore   of   the  path   of   the   dis- 


FIG.     53.     BRUSH    DISCHARGE. 

charge.  These  appearances  differ  great- 
ly from  those  produced  when  the  dis- 
charge passes  through  air  under  ordinary 
pressures. 

A  variety  of  apparatus  may  be  em- 
ployed to  show  these  different  luminous 
effects.  One  of  the  simplest  is  an  egg- 
shaped  glass  globe,  which  is  provided  at 
its  lower  extremity  with  a  stop-cock  and 
means  for  attaching  it  to  an  air  pump. 
Polished  metallic  balls,  supported  on 
rods,  are  placed  inside  the  globe.  One  is 
fixed  in  position  but  the  other  may  be 
moved  towards  and  from  it  through  slid- 
ing supports. 

If  one  rod  is  connected  with  a  fric- 
tional  electric  machine,  and  air  at  ordi- 
nary pressure  fills  the  globe,  the  dis- 
charge will  pass  between  the  two  balls  as 
irregular,  thin  sparks. 

The  vessel  is  now  connected  with  an 
air  pump  and  exhaustion  begins.  The 
discharge  is  observed  to  pass  more  read- 
ily as  the  air  is  gradually  removed.  The 
ball  connected  with  the  movable  rod  can 
be  moved  further  upwards.  The  electric 
discharge  greatly  alters  in  appearance, 
becoming  thicker,  until  at  last  it  assumes 
an  ovoidal  shape  and  may  eventually  fill 
the  globe. 

The  above  experiment  shows  that  the 
conducting  power  of  air  or  other  gas  for 


electricity  rapidly  increases  as  the  pres- 
sure decreases.  As  more  and  more  of 
the  air  is  removed  the  discharge  is  able 
to  pass  when  the  ball  electrodes  are  fur- 
ther apart.  This  increase  in  conducting 
power,  however,  does  not  go  on  indefi- 
nitely. On  the  contrary,  if  the  exhaus- 
tion is  carried  too  far,  the  resistance  of 
the  residual  air  will  increase,  and  at  last 
will  become  so  high  that  the  discharge 
fails  entirely  to  pass. 

More  convenient  forms  of  apparatus  for 
demonstrating  luminous  effetcs  by  elec- 
tric discharges  through  vacua  are  found 
in  what  are  known  as  Geissler  tubes. 
These  consist  of  glass  tubes  filled  with 
different  gases  and  vapors.  When  ex- 
hausted the  tubes  are  hermetically  sealed 
by  the  fusion  of  the  glass.  In  order  to 
permit  the  passage  of  electric  discharges 
through  their  residual  atmospheres, 
short  pieces  of  platinum  wire  are  sealed 
through  the  walls  of  the  tube  by  the  fu- 
sion of  the  glass  around  them. 

A  type  of  Geissler  tube  is  shown  in 
Fig.  54  (Ganot),  where  a  tube  of  the 
shape  shown  is  suitably  mounted  in  a 
horizontal  position.  On  the  passage  of 
the  discharge  of  an  electric  machine,  or 
still  better  of  a  device  known  as  the 
Ruhmkorff  coil,  the  vacuous  space  be- 
tween the  electrodes  is  filled  with  the 
luminous  discharge. 

The  passage  of  the  electric  discharge 
through  the  highly  attenuated  air  exist- 
ing in  the  space  above  the  mercury  in  a 
barometer   tube    is    attended   bv    a    faint 


FIG 


geissler   Trnr. 


glow  of  light.    If  for  example,  in  Fig   55 
(Guillemin),  a   long  glass  tube  bent  as 
shown    into    two    vertical    anus    is    filled 
with  mercury,  and  inverted  in  two 
vessels  containing    mercury    the 
above  the   barometric   col. nuns,   contains 
a   vacuum   known     as     the     Torric 
vacuum.      1  f   now    the   discharge   of   an 
electric    machine    is   passed   through   this 


406 


POPULAR    ELECTRICITY 


space  by  wires  dipping  into  the  mercury 
cup  as  shown,  there  is  produced  a  feeble 
bluish  light  that  fills  the  space.  This 
light  is  due  to  the  incandescence  of  the 
molecules  of  the  air  particles  remaining 
in  the  space  produced  by  their  mutual 
collision.  The  amount  of  this  light  may 
be  increased  by  heating  the  mercury, 
since  this  results  in  the  filling  of  the 
space  by  mercury  vapor. 

If  the  vacuum  is  sufficiently  high  to 


FIG.    55.     TORRICELLIAN    VACUUM    TUBE. 

permit  the  molecules  to  move  across  the 
entire  space  without  colliding,  no  light 
is  produced  until  the  molecules  bombard 
or  strike  against  the  walls  of  the  vessel, 
or  particularly  against  such  fluorescent 
substances  as  glass  colored  green  by  a 
salt  of  uranium,  or  by  a  solution  of  sul- 
phate of  quinine,  or  by  any  phosphor- 
escent substance  such  as  calcium  sul- 
phide. When  the  molecules  bombard  or 
strike  against  these  substances  they  are 
set  into  such  vibrations  as  will  cause  them 
to  emit  light.  This  is  therefore  another 
way  in  which  luminous  effects  may  be 
produced  by  electric  discharges. 

The  production  of  phosphorescent 
light  by  molecular  bombardment  is  most 
conveniently  shown  by  the  apparatus  rep- 
resented in  Fig.  56  ("Electricity  in 
Everyday  Life,"  Houston).  Here  an 
egg-shaped   vessel   is   provided   at    (N) 


and  (P)  with  platinum  wires  that  are 
sealed  in  the  walls  of  the  glass  by  fu- 
sion. The  ends  of  the  wires  are  provided 
with  small  metallic  discs  as  shown.  The 
molecular  bombardment  that  follows  the 
connection  of  (P)  and  (N)  by  wires 
with  the  terminals  of  a  Ruhmkorff  coil 
will  produce  a  bright  light  by  phosphor- 
escence; for  the  phosphorescent  materi- 
als as  sulphite  of  barium  or  sulphite  of 
calcium,  placed  in  the  lower  part  of  the 
vessel,  will  not  only  produce  a  light  while 
under  bombardment,  but  will  continue 
to  emit  it  for  some  time  afterwards.  The 
color  of  the  light  so  produced  will  vary 
with  the  nature  of  the  phosphorescent 
substance. 

The  luminous  effects  produced  by  an 
electric  discharge  through  vacuous  air 
spaces  are  produced  on  a  large  scale  in 
nature  in  the  aurora  borealis  of  the 
Northern  Hemisphere,  or  the  aurora 
australis  of  the  Southern  Hemisphere. 
These  phenomena  are  caused  by  electric- 
ity passing  through  the  higher  regions 
of  the  atmosphere  where  the  decreased 
density  of  the  air  permits  it  to  act  as  a 
good  conductor. 

This  phenomenon  is  called  the  aurora 
or  morning  hour  by  the  reason  of  the  ap- 
pearance given  to  the  heavens  during  its 
prevalence.  At  the  beginning  of  the  phe- 
nomenon the  faint  glow  of  light  appears 
on  the  northern  horizon,  and  a  globe 
known  as  the  auroral  arch  or  crown  is 
seen  slowly  rising  above  the  horizon,  as 
represented  in  Fig.  57  ("Electricity  in 
Everyday  Life,"  Huston).  As  the  aurora 


FIG. 


56.     APPARATUS    FOR   PRODUCING 
PHOSPHORESCENT    LIGHT. 


progresses,  streams  of  light,  varying  in 
color  from  white,  red  and  purple,  with 
sometimes  yellow  and  green,  suddenly 
dart  up  through  the  arch  giving  to  the 
corona  and  appearance  of  a  huge  dark 
sun  rising  in  the  North. 

The  auroral  ravs  are  not  fixed,  either 
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as  regards  their  position  or  their  length. 
They  vary  in  size  and  brilliancy,  moving 
rapidly  across  the  heavens.  Sometimes 
instead  of  seeming  to  emerge  from  the 
center  of  the  corona,  they  move  across 
the  face  of  the  sky  assuming  the  appear- 
ance of  a  drifting  storm  of  snow  or  rain. 
Sometimes  they  take  the  form  of  a  series 
of  parallel  rays,  closely  resembling  a 
luminous  curtain  known  as  an  auroral 
curtain,  an  example  of  which  is  shown  in 
Fig.  58  (Ibid).  The  appearance  pre- 
sented by  the  aurora  that  occurred  on  the 
24th  of  October,  1870,  during  the  siege 
of  Paris,  is  quoted  as  follows  from 
Guillemin : 

"On  Monday,  October  24th,  about 
six  o'clock  in  the  evening,  a  ruddy  glow 
rose  from  the  northwest  horizon.  Little 
by  little  the  glow  spread,  rising  in  the 
form  of  an  immense  arch,  covering  all 
the  northern  part  of  the  sky  from  east  to 
west.  Suddenly  some  brighter  streamers 
of  a  pale  red  color  furrowing  across  the 
darkest  depths  of  the  sky  removed  all 
doubt  as  to  the  nature  of  the  phenomena  ; 
it  was  a  magnificent  aurora. 


FIG.     57.     AURORA    BOREALIS. 

"During  the  day  the  sky  had  been 
overcast  with  clouds  brought  up  by  a 
strong  west  wind,  but  towards  evening  it 
had  cleared,  and  when  the  aurora  began 
the  stars  were  shining  almost  from  one 
end  of  the  sky  to  the  other.  The  lumin- 
ous arch  continued  to  increase  in  bril- 
liancy and  to  expand  until  about  eight 
o'clock,  when  it  reached  and  crossed  the 
zenith.  The  red  tint  was  very  vivid 
above  and  in  the  easterly  and  westerly 
horizons.  In  the  north  the  color  was 
less  marked,  and  beneath  the  luminous 
arch  lay  the  dark  segment  often  seen  in 
auroras. 

"Except  the  streamers,  which  here  and 
there  at  irregular  intervals  crossed  the 


base  of  the  arch,  and  which  were  of  a 
pale  red  or  pale  orange  tint,  the  whole 
aurora  was  of  a  uniform  ruddy  color. 
This  color,  however,  varied  somewhat  in 
tone,  it  was  sometimes  rose  red,  at  other 


FIG.    58.     AURORAL    CURTAIN. 

times  blood  red,  and,  again,  of  a  deep 
crimson ;  but  all  through  it  was  perfectly 
transparent,  allowing  even  stars  of  the 
third  and  fourth  magnitudes  to  be  seen 
distinctly.  The  Great  and  Little  Bears, 
Cassiopeia,  Aldebaran,  and  the  Pleiades 
were  all  distinctly  visible.  At  the  mo- 
ment when  the  arch  reached  the  zenith, 
the  whole  of  its  outer  edge  was  bordered 
with  a  milk-white  tint,  resembling  in  col- 
or the  Milky  Way,  but  much  more  regu- 
lar and  uniform.  Then  the  display  began 
to  fade,  though  it  was  still  visible  after 
eleven  o'clock. 

was  between  eight  and  half-past.' 
(To  be  continued.) 


The  greatest  brii 


AN  ELECTRIC  BRANDING  IRON. 

Photo-engravers,  electrotypers,  adver- 
tisers, etc.,  who  produce  thousands  of 
mounted  plates  each  year,  have  now  at 
their  command  an  electric  device  for 
branding  their  names  or  trade  marks  on 
each  block  that  leaves  their  hands,  thus 
stamping  their  identity  on  their  work. 

With  the  Vulcan  electric  brander.  a 
name  one  and  a  quarter  inches  long  by 


ELECTRIC  BRANDING  [RON 

five-eighths  inches  high,  or  smaller,  can 
be  imprinted  on  the  edge  of  the  block  in 
loss  than  a  second. 


THE  MANUFACTURE  OF  ELECTRIC  LAMPS. 

BY    FREDERIC    BLOUNT    WARREN. 

An  Account  of  the  Workings  of  a  Plant  in  Which  Nearly    All  the  Operatives  Are  Women.    These  Women  Aie 
Among  the  Highest  Paid  in  the  World,  Their  Work  Requiring  Unusual  Skill  and  Dexterity. 


Taking  into  account  all  forms  of  fac- 
tory labor  in  which  women  are  employed, 
the  200  young  Philadelphians  whose 
work  is  here  described  are  among  the 
best  paid  "'factory  girls"  in  the  world. 
Their  work — which  is  clean — requires 
the  greatest  skill ;  and  it  is  manifest, 
also,  that  the  operatives  exhibit  unusual 
zest   in   completing    plain,     long-necked 


or  slow-witted  workers    to    greater  ex- 
ertion. 

Even  as  the  superintendent  was  speak- 
ing, girls  on  every  hand  were  picking  up 
bulbs  between  their  fingers  and  manipu- 
lating them  while  one  end  of  the  glass 
was  actually  molten  and  dripping.  An 
ordinary  person  could  not  have  picked  up 
the  bulb  at  any  point  without  blistering 


'FLASHING"    OR  FILAMENT   TESTING    MACHINES. 


bulbs   into   finished,   tested   incandescent 
lamps. 

Sixty-four  separate  handlings  for  the 
7,000  bulbs  produced  each  day  means  that 
the  operatives  handle  three  bulbs  a  min- 
ute. And  they  do  this  naturally,  quickly 
and  without  the  presence  of  the  "speeder- 
up,"  so  often  employed  in  big  industrial 
plants  at  a  higher  wage  to  force  laggard 


his  fingers.  But  the  girls  who  held  and 
so  deftly  handled  them  seemed  oblivious 
of  their  warmth. 

Very  few  persons  out  of  the  great 
number  who  are  familiar  with  the  ap- 
pearance and  many  of  the  uses  of  electric 
bulbs  know  how  they  are  made.  It  seems 
impossible  even  to  credit  the  statement 
that  so  simple  an  article  requires  that  64 
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separate  things  be  done  to  it  before  it 
reaches  its  completed  state.  There  is  no 
intention  of  detailing-  each  of  these  three 
score  and  more  operations — it  would 
make  too  ponderous  reading  for  this  arti- 
cle. Many  of  the  relatively  unimportant 
details  will  be  omitted. 

The  bulbs  come  to  the  plant  from  a 
glass  factory  in  almost  the  same  shape  in 
which   they   are    seen   in   the   lamp,   but 


SEALING    MACHINES. 

without  the  little  point  at  the  center  of 
the  big  end  and  with  a  three-inch  neck 
at  the  small  end.  These  bulbs  are  blown 
at  the  glass  factories  in  molds  made  of 
iron.  When  they  reach  the  factory  50 
of  them  are  placed  neck  down  in  a  tray 
with  a  hole  to  support  each  bulb  and  then 
they  are  dipped  into  an  acid  bath  for 
cleansing.  After  this  they  are  steamed 
and  allowed  to  dry. 

Then  they  are  ready  for  conversion 
into  lamps.  The  first  thing  done  to  a 
bulb  is  to  place  it  neck  down  in  a  holder 
at  a  machine,  where  a  thin  tongue  of 
flame  melts  a  small  hole  in  its  top.  Into 
this  hole  is  inserted  a  little  glass  tube 
about  two  inches  long  and  then  they  arc 
melted  together  so  that  the  bulb  has  two 
open  ends — one  through  its  neck  and 
the  other  through  the  tube. 

When  this  detail  has  been  performed 
the  bulb  goes  to  two  girls  seated  before 


a  machine  which  focuses  jets  of  air- 
blown  gas  to  a  common  point.  There 
must  be  just  so  much  air,  and  no  more, 
for  the  glass  is  what  is  known  as  lead 
glass,  and  if  there  should  be  too  much 
of  the  oxygen-bearing  air  in  the  flame 
it  would  blacken  the  glass  wherever  the 
flame  touched. 

At  this  table  the  neck  is  cut  off,  not 
by  a  tool  but  by  the  jets  of  flame.  One 
of  the  girls  sees  that  the  neck  is  melted 
just  enough  and  then  turns  the  revolving 
holder  for  the  girl  sitting  opposite  to 
get  the  bulb  with  the  melted  neck.  This 
girl  takes  it  from  the  holder  and,  blow- 
ing through  the  tube  in  the  other  end. 
produces  a  thin  glass  bubble  as  large  as 
a  small  orange  and  lays  it  down.  This 
is  done  to  make  the  end  ready  for  the 
stem  that  holds  the  filament  to  be  in- 
serted. 

The  making  of  this  stem  is  quite  as  in- 
teresting as  any  other  detail  of  electric 
bulb   construction.      First,    a    little   tube 
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about  half  an  inch  in  diameter  and  nearly 
two  inches  long  is  picked  from  a  box 
by  a  girl,  who  puts  it  into  a  revolving 
bolder   carrying   several    oi   the  tul 

once.  The  end  o\  the  tube  is  carried 
hv  the  holder  into  one  oi  the  focused 
sets  of  gas  jets  and  its  end  is  heated  until 
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it  is  just  ready  tc  melt,  but  has  not 
melted. 

Taking-  the  tube  from  the  holder  in  her 
ringers,  the  girl,  using-  a  pointed  tool, 
turns  a  rim  upon  the  metal  end  and  then 
drops  it  into  a  box.  While  she  was 
shaping  the  rim  the  other  tube  in  the 
holder  was  being  heated  and  is  ready 
for  her. 

Then  this  tube  goes  to  two  more  girls 


metal.  It  is  brought  from  Russia,  and 
Newark,  N.  J.,  is  the  principal, point  of 
manufacture  for  its  conversion  into  wire. 
With  hundreds  of  these  small  pieces 
of  copper  wire  around  the  thumb  of  her 
left  hand,  a  girl  will  hold  the  end  of  one 
strand  into  a  flame-jet  until  its  melts. 
With  a  very  fine  pair  of  tweezers  in  her 
right  hand  she  picks  up  one  of  the  little 
fourth-inch  pieces  of  the  platinum  wire 
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seated  at  another  machine  and  the  op- 
posite end  of  the  tube  is  melted.  Two 
copper  wires,  as  thin  as  thread,  each  hav- 
ing upon  its  end  a  quarter  of  an  inch 
of  platinum  wire,  are  passed  through  the 
tube,  and  then  the  tube,  with  the  wires 
held  in  the  center,  is  pushed  upward  by 
the  machine  into  a  clamp  that  mashes  the 
molten  glass  in  and  around  the  wires, 
holding  them  in  their  positions. 

Platinum  wire  is  the  best  material  to 
which  the  filament  should  be  attached, 
but  is  very  expensive.  Its  cost  is  seldom 
less  than  $27  an  ounce  and  it  sometimes 
advances  as  high  as  $42.  Gold  is  worth 
only  $16  an  ounce.  Platinum  is  not  easy 
to  melt.  It  has  more  power  of  resistance 
to   heat   than   almost   anv   other   known 


and  inserts  one  end  of  it  into  the  melted 
end  of  the  copper  wire.  She  works  with 
incredible  rapidity  at  a  task  that  seem- 
ingly requires  almost  microscopic  sight. 

The  filament  that  is  attached  to  these 
platinum  ends  of  the  copper  wires  is 
made  by  girls  in  another  part  of  the 
factory.  Cotton  fiber  forms  its  basis.  It 
is  treated  in  such  a  manner  that  the 
silicon  in  the  cotton  is  removed,  and  this 
leaves  a  residue  of  cellulose.  The  cellu- 
lose is  next  treated  for  carbonization. 
Two  girls  perform  this  work  and  it  re- 
quires the  greatest  skill  in  the  handling 
of  these  filaments  that  are  so  delicate  that 
they  are  almost  impalpable. 

Each  strand  is  handled  separately  and 
is  placed  in  a  small  glass  jar.     Another 
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glass  jar  close  at  hand  contains  gasolene. 
By  electric  action  this  gasolene  is  vapor- 
ized and  the  carbon  is  carried  in  such 
a  manner  that  it  will  deposit  itself  upon 
the  cellulose.  The  operator  knows  just 
how  long  a  time  is  required  for  this  de- 
posit, but  it  is  one  of  the  most  difficult 
problems  known  to  the  lamp  manufact- 
urer to  procure  filaments  with  exactly  the 
same  amount  of  carbonization. 

The  difference  of  1 -30,000th  part  of 
an  inch  in  the  diameter  of  the  filament 
will  change  its  electric  valuation  and  re- 
quires a  classification  to  be  referred  to 
later  in  the  article.  Some  filaments  have 
but  three  and  one-half  circular  mils 
cross-sectional  area.  A  circular  mil  is 
a  unit  of  measurement  used  almost  ex- 
clusively  in   electric   wire  measurement. 


EXHAUSTING     MACHINES. 

It  equals  the  area  of  a  circle  i-ioooth  of 
an  inch  in  diameter. 

Therefore,  a  filament  of  3^  circular 
mils  would  mean  that  it  would  only  have 
a  cross-sectional  area  of  2^-i,ooo,oooths 
of  a  square  inch.  The  average  size  of 
a  lamp  filament,  however,  is  six  or  seven 
circular  mils. 

When  the  filaments  are  carbonized 
they  are  attached  to  the  platinum  ends 
of   the   wires    that    are   inserted    into   the 


stem.  This  is  done  by  simple  twisting, 
but  once  again  this  constitutes  a  very 
delicate  operation  and  the  girls  who  per- 
form it  must  have  a  deft  and  light  touch. 
Then  the  stem  with  its  wires  and  fila- 
ments is  ready  for  insertion  and  sealing 
into  the  bulbs. 

There  are  various  manners  of  coiling 


STEM   MAKING  MACHINES. 

the  filaments  so  that  they  will  present  a 
great  deal  of  surface  within  the  globe. 
Sometimes  they  are  curled  into  one  or 
more  circles,  and  in  many  instances  the 
form  of  arrangement  necessitates  the 
fastening  of  the  coils,  one  upon  the  other, 
by  a  tiny  bit  of  cement.  When  this  must 
be  done  the  task  is  made  even  more  deli- 
cate than  is  usually  the  case  in  the  mak- 
ing of  the  average  lamp. 

After  bulbs  and  stems  are  ready  to  be 
assembled  the  girls  insert  the  stem  and 
again  the  neck  of  the  bulb  is  subjected  t  i 
heat  and  neck  and  stem  are  melted  to- 
gether. Knowing  to  a  nicety  how  much 
to  melt  away  and  the  shape  the  molten 
glass  will  assume  when  it  cools,  the  union 
of  the  stem  and  bulb  is  skillfully  made 
by  the  young  operatives. 

Next  the  bulb  goes  into  a  tray  and  is 
taken  to  a  girl  seated  alone  on  one  side 
oi  what  is  called  the  vacuum  room.  Be- 
fore her  is  an  earthen  pot  in  which  there 
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is  a  bubbling  liquid — phosphorus  in  a 
liquid  state — which  is  kept  stirred  by  a 
jet  of  water.  The  girl  takes  the  bulb 
and  with  a  brush  not  much  larger  than 
a  knitting  needle  coats  the  inside  of  the 
little  tube  at  the  large  end  of  the  bulb 
with  the  phosphorus  solution. 
'  When  this  has  been  done  the  bulb  is 
ready  for  the  exhaustion  of  the  air  within, 
and  final  sealing.  Already  the  bulb  has 
been  freed  of  air  two  or  three  times  in 


placed  in  position  for  exhausting  the  air 
the  wires  running  through  the  neck  are 
connected  with  an  electric  current  which 
causes  the  filament  to  glow.  If  it  were 
allowed  to  glow  or  burn  more  than  a  few 
seconds  with  the  oxygen  present  in  the 
air  the  filament  would  burn  up  and  col- 
lapse. So,  while  the  tube  is  connected 
with  the  vacuum  pump,  the  girl  holds  it 
to  a  blue  flame  jet,  which  melts  it  apart, 
and  the  melted  end  next  to  the  bulb 
draws  up  and  closes  automatically,  leav- 


PHOTOMETER  ROOM   WHERE   THE  BULBS    ARE  TESTED. 


the  process  of  manufacture,  but  each  pre- 
vious time  it  has  been  left  unsealed.  At 
one  time  the  bulb  is  tested  for  the  tight- 
ness of  the  joint  of  neck  and  stem  by 
mercury  gauges.  This  time  the  test  is 
to  be  final.  The  tube  at  the  big  end  of 
the  bulb — through  which  the  air  is  with- 
drawn by  an  ingenious  pump,  the  crea- 
tion of  an  Italian  inventor — is  to  be 
sealed  by  melting. 

But  the  pumping  and  sealing  are  not 
all  that  is  done  in  this  handling.  Refer- 
ence was  made  to  the  lining  of  the  tube 
with    phosphorus.     When    the    bulb    is 


ing  the  little  point  seen  in  the  finished 
bulb  over  our  desks  and  in  our  homes. 

Before  the  sealing  is  completed  the 
light  from  the  bulbs  is  very  bright  and 
light  blue  in  color.  This  reveals  the  fact 
that  all  the  oxygen  has  not  been  with- 
drawn from  the  bulb.  It  is  then  that  the 
phosphorus  within  the  little  tube  plays 
its  part.  The  heat  upon  the  tube  con- 
verts the  phosphorus  into  a  phosphores- 
cent gas  and  this  gas,  entering  the  bulb, 
neutralizes  the  oxygen  in  the  bulb  and 
the  color  of  the  bulb  almost  instantly 
changes  from  blue  to  white.  In  this  man- 
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ner  the  operative  learns  that  the  effect 
of  the  oxygen  has  been  destroyed. 

And  now  comes  the  final  test  of  the 
bulb,  which  is  taken  into  a  dark  room 
that  is  divided  into  several  small  stalls. 
In  each  stall  there  is  an  induction  coil. 
The  bulb  is  held  a  foot  or  two  from  the 
coil.  From  this  process  wireless  teleg- 
raphy was  evolved.  The  current  from 
the  coil  passes  through  the  body  of  the 
girl  worker  to  the  bulb  and  causes  the 
filament  to  glow  faintly.  If  the  glow  is 
a  bluish  gray  it  shows  that  there  is  still 
a  leak  in  the  bulb  or  its  fittings,  although 
it  may  be  so  infinitesimally  small  that  it 
can  scarcely  be  measured  even  by  mils. 
If  the  glow  should  be  of  a  purplish  hue  it 
would  disclose  the  presence  of  air  still 


the  greatest  possible  delicacy.  Two  girls, 
working  together,  do  the  measuring.  One 
places  the  bulb  in  connection  with  a  cur- 
rent that  lights  it  and  the  light  from  it 
shines  through  a  small  aperture  upon  a 
white  paper  screen.  In  the  center  of  this 
screen  is  a  faint  star-shaped  spot.  It  re- 
quires a  certain  amount  of  voltage  in  the 
bulb  to  bring  out  this  spot. 

At  an  equal  distance  from  the  screen 
upon  its  other  side  a  light  from  a  lamp 
of  standard  measurement  shines  upon  the 
screen.  Back  of  the  screen  are  two  small 
mirrors  placed  at  angles  of  45  degrees  to 
the  screen. 

The  second  girl  sits  directly  in  front  of 
the  screen  and  sees  both  sides  of  it  re- 
flected in  the  mirrors.  The  standard  light 


CAPPING'  ROOM   WHERE  THE   BRASS  CAPS    ARE  JOINED   TO   THE   BULBS 


within  the  bulb  and  it  would  have  to  be 
again  exhausted.  This  means  an  opera- 
tion involving  many  handlings  before 
completion.  However,  a  very  small  per- 
centage of  the  bulbs  fail  to  pass  these 
tests.  The  next  process  is  their  measure- 
ment for  voltage.  The  diameter  of  a 
filament  of  given  length  determines  its 
capacity  for  resistance,  and  the  difference 
of  one,  two  or  more  volts  is  easily  ef- 
fected. 
This  process  of  measurement  is  one  oi 


will  not  reveal  the  spot  in  the  screen.  1 1' 
the  spot  is  revealed  by  the   light  being 
tested  the  operator  knows  that  its 
age  is  greater. 

By  comparative  calculation  of  the 
density  of  the  spot,  together  with  the 
record  oi  voltmeters  before  her  that 
register  the  voltage  of  each  light,  she 
determines  the  voltage  oi  the  light  that  is 
being  tested  and  records  the  amount  op- 
posite the  number  oi  the  tested  bulb.  It 
is  in  this  manner  that  the  bulbs  are  c 
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fied  as  being  of  certain  voltage  and  sep- 
arated into  groups  accordingly. 

Should  the  bulb  pass  the  test  and  meas- 
urements successfully  it  is  then  ready  for 
the  appliances  with  which  it  is  attached 
to  the  current-carrying  fixture  in  general 
use.  It  is  taken  to  another  part  of  the 
factory  where  a  girl  places  it  in  a  tray. 
The  threaded  brass  collar  is  placed  about 
the  neck  and  the  space  between  the  collar 
and  the  neck  is  filled  with  plaster  cement. 

The  tray  revolves  through  a  heating 
oven  that  bakes  this  cement  into  a  hard 
and  holding  mass.  The  ends  of  the  wires 
running  through  the  neck  are  cut  off;  a 
small,  round  brass  plate  is  placed  on  the 
end  and  the  wires  are  soldered  fast.  The 
lamp  is  finished. 

But  there  is  also  a  kind  of  "farewell 
test"  for  leakages  that  possibly  may  have 
been  overlooked  or  may  have  been  de- 
veloped by  the  latest  handlings.  This 
last  test  is  very  quick  and  simple,  the 
sealed  end  of  the  bulb  being  held  against 
two  electric  poles.  If  the  light  is  white 
and  perfect  the  lamp  is  then  considered 
ready  for  the  last  cleaning  of  the  bulb, 
classification  and  packing  for  shipment. 

Throughout  the  64  handlings  of  a 
bulb,  from  the  time  when  it  is  a  tube  to 
the  moment  when  it  becomes  a  finished 
product,  scarcely  ever  is  one  broken.  This 
is  all  the  more  remarkable  when  it  is  con- 
sidered that  the  bulb  is  not  only  picked 
up  and  placed  in  machines,  but  is  also 
heated  and  cooled  many  times.  The  bulb 
is,  of  course,  very  fragile  and  can  be  de- 
stroyed by  the  slightest  clumsiness  on  the 
part  of  the  handler. 

In  the  big  Philadelphia  plant  where  the 
bulbs  are  made  there  are  but  six  male 
employes  and  these  include  the  superin- 
tendent, manager,  bookkeeper,  engineer, 
fireman  and  janitor  or  watchman  of  the 
works. 


ELECTRIC   FANS  REVIVE  FIREMEN. 

At  a  recent  fire  in  New  York  a  new 
use  was  discovered  for  electric  fans.  The 
firemen,  overcome  by  gases,  were  laid 
on  the  sidewalk  and  wires  were  run  from 
an  adjoining  building  and  connected  to 
electric  fans  placed  at  the  heads  of  the 
unconscious  men.  The  firemen  were 
quickly  restored  so  as  to  be  able  to  re- 
new the  fight. 


ELECTROMAGNETIC  LAMP  SOCKET. 

A  unique  method  for  supporting  an 
electric  incandescent  lamp  while  working 
around  iron  or  steel  construction  is  the 
Aurora  electromagnetic  socket.  The 
base  to  which  the  lamp  is  attached  con- 


ELECTROMAGNETTC   LAMP  SOCKET. 

tains  an  electromagnet  which  is  ener- 
gized by  the  current  which  lights  the 
lamp. 

This  magnet  is  strong  enough  to 
support  the  lamp  in  any  position  desired 
by  merely  placing  it  against  the  iron.  It 
is  of  particular  advantage  to  structural 
iron  workers,  boiler  makers,  garage  and 
automobile  owners,  etc.  The  socket  il- 
lustrated is  applicable  to  direct  current 
circuits,  only,  but  is  made  in  various 
types  to  employ  100-125  v°lt  or  200-250 
volt  current  and  eight  or  16  candle  power 
lamps. 


EFFECT  OF  ELECTRICITY   ON   ANIMALS. 

Observations  of  Dr.  E.  Mullendorf 
concerning  the  effects  of  electricity  on 
the  animal  body  show  some  remarkable 
results.  Man  has  much  greater  power 
of  resistance,  or  much  less  susceptibility, 
than  many  other  animals.  A  leech  placed 
upon  a  copper  plate  which  rests  upon 
a  larger  plate  of  zinc  is  unable  to  crawl 
off  on  account  of  the  feeble  electric  ac- 
off  on  account  of  the  feeble  electric  cur- 
rent caused  by  contact  with  the  metals, 
of  potential.  An  ox  treated  for  rheuma- 
tism with  electrity  succumbed  to  a  cur- 
rent so  small  as  to  be  absolutely  inoffen- 
sive to  man. 
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REGISTER  FOR  TELEPHONE  CALLS. 

The  nickel  telephones  used  in  the  larger 
cities  are  open  to  certain  disadvantages, 
and  are  often  the  cause  of  dispute  be- 
tween the  subscriber  and  the  telephone 
company.  The  subscriber  would  like  to 
do  a  little  registering  himself,  or  at  least 
have  a  hand  in  the  operation.  O.  C. 
Dennis  of  Chicago  has  invented  a  tele- 
phone meter  which  possesses  many  ad- 
vantages, and  which  is  said  to  operate 
successfully  under  service  conditions. 
The  illustration  shows  an  outside  view 
and.  the  interior  mechanism.  No  change 
in  the  telephone  wiring  is  necessary  in 
installing  the  meter. 

To  call  "central"  the  subscriber  pushes 
a  button  on  the  meter,  which  registers 
"I"  on  a  visual  meter  and  makes  contact, 
thus  signaling  the  operator.  If  the  sub- 
scriber gets  the  desired  party  and  holds 
conversation,  the  operator  sends  out  from 
the  central  office  a  positive  no  volt  cur- 
rent and  restores  the  mechanism  to  nor- 
mal ready  for  the  next  call.  If,  how- 
ever, the  operator  finds  the  desired  par- 
ty's line  busy,  she  sends  out  over  the  line 
a  negative  no  volt  current  which  re- 
stores the  signaling  mechanism  to  nor- 
mal and  also  sets  the  registering  mech- 
anism in  such  a  position  that  the  next 
pushing  of  the  button  or  operation  will 
not  register  a  count  on  the  visual  meter, 
but  will  permit  of  a  signal  being  given  to 
the  operator. 

After  an  unsuccessful  attempt  by  the 
subscriber  to  obtain  the  desired  party  and 
finding  him  busy,  a  white  visual  signal  is 
thrown  before  a  little  window  in  the  me- 
ter in  plain  view  of  the  subscriber,  which 
indicates  that  a  credit  is  due,  or  in  other 
words  that  the  meter  can  be  operated  to 
signal  central  on  the  next  call  without 
registering  or  operating  the  register  one 
count.  This  also  serves  as  a  check  for 
the  subscriber  (if  he  does  not  obtain  con- 
nection with  the  party  desired)  on  the 
central  office  operator,  to  make  sure  that 
she  has  sent  out  the  proper  current  over 
the  line  and  that  the  registering  mechan- 
ism is  set  so  that  it  will  not  register  when 
the  button  is  pushed  to  signal  central  on 
the  next  call. 

A  push  button  locking  feature  is  pro- 
vided, arranged  so  that  it  automatically 
locks  after  each  call.  With  this  arrange- 
ment the  subscriber  cannot  push  the  but- 


ton more  than  once  at  each  call,  the  but- 
ton or  mechanism  remaining  locked  until 
restored  to  normal  electrically  from  cen- 
tral office  by  the  operator. 


This  locking 


01  the  button  also  prohibits  the  operation 
oi  the  motor  by  different  members  of  the 
household    without    obtaining    service, 

should  the  line  be  out  o\  order. 


A  DESERT  POWER  PLANT. 


BY    DR.    ALFRED 

In  a  plant  installed  two  years  ago  in 
one  of  the  northern  provinces  of  Chile, 
which  once  upon  a  time  belonged  to  Bo- 
livia, electrical  energy  is  utilized  for  the 
extraction  of  saltpeter.  The  mineral  from 
which  the  latter  is  derived,  is  found  in  a 
desert,  arid  district,  below  a  stratum  of 
rubble  and  gypsum  10  feet  in  thickness. 
After  being  broken  up  by  blasting  or  by 
means  of  steel  wedges,  the  material  is 


GRADENWITZ. 

decided  on  also  utilizing  the  water  power 
of  the  river  above  mentioned,  as,  accord- 
ing to  estimates,  the  cost  of  erecting  a 
hydroelectric  power  station  would  be 
soon  repaid  by  the  saving  of  coal  insured 
by  this  means  of  operation. 

The  power  house  (see  frontispiece) 
was  installed  about  10  miles  to  the  north 
of  Rica  Aventura,  where  the  valley  of 
the  river,  owing  to  the  steepness  of  its 
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ERECTING    A    TRANSMISSION    LINE    THROUGH    THE    DESERT. 


taken  to  the  workshops  for  further  treat- 
ment, viz. :  crushing  and  lixiviating  in 
boilers,  where  the  saltpeter  separates  in 
crystals  when  the  brine  cools  down. 

Owing  to  the  special  advantages  to  be 
derived  under  local  conditions  from  the 
use  of  mechanical  operation  in  connec- 
tion with  this  process  of  extraction,  a 
hydraulic  power  plant  was  erected  on  the 
Rio  Loa,  whence  the  electrical  energy 
was  transmitted  to  one  of  the  factories  at 
5,000  volts  tension.  A  steam-operated 
power  plant  furnishing  current  of  2,000 
volts  at  that  time  also  supplied  current 
to  several  other  saltpeter  factories.  Ow- 
ing, however,  to  the  considerable  ex- 
pense involved  by  the  use  of  coal  as  fuel, 
the  owners  of  these  factories  eventually 


banks,  was  readily  dammed.  From  the 
embankment  thus  formed  the  water  is 
supplied  to  the  power  station  under  a 
head  of  82  to  98  feet. 

The  power  house  contains  three  455- 
horsepower  turbines,  each  of  which  is 
direct  connected  to  an  electric  alternating 
current  dynamo.  A  fourth  set  will  even- 
tually be  added.  Especially  noteworthy 
in  the  construction  of  this  power  house 
was  the  fact  that  the  machinery  could  be 
installed  before  erecting  the  outer  walls 
and  the  roofing,  any  risk  of  the  occur- 
rence of  rain  being  excluded  by  the  cli- 
matic conditions  of  the  country. 

Three  sub-stations  erected  at  distances 
of  about  10  miles  have  been  put  in  oper- 
ation, while  a  fourth  is  in  course  of  con- 
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DESERf  POWER  PLANT  IN  COURSE  OF 
CONSTRUCTION. 

struction  at  Prosperidad.  The  transmis- 
sion line  is  carried  by  wooden  poles  of 
square  cross  section.  One  of  the  pictures 
shows  a  construction  crew  out  in  the  des- 
ert with  equipment  for  erecting  the  line. 


A  RECORD  IN  HIGH  VOLTAGE  TRANS- 
MISSION. 

Once  more  a  new  record  in  high  volt- 
age transmission  has  been  established. 
The  Grand  Rapids-Muskegon  Power 
Company  in  Michigan  has  just  placed  in 
service  a  transmission  line  operating  at 
110,000  volts.  This  is  10,000  volts  in 
excess  of  anything  ever  before  attempt- 
ed and  far  beyond  the  dreams  of  even 
the  most  sanguine  engineers  15  years 
ago.  This  particular  line  is  50  miles 
long  and  is  a  part  of  the  212  miles  of 
transmission  lines  now  being  operated  by 
the  company. 

The  transmission  line  consists  of  No. 
2  stranded  copper  wires  with  a  hemp 
center,   that   is,   the   combined   cross-sec- 


tional area  of  the  strands  in  the  conducts  r 
being  equivalent  to  that  of  a  solid  No.  2 
wire.  It  is  supported  on  three-legged 
steel  towers  53  feet  high  and  spaced  500 
feet  apart.  The  towers  are  placed  on 
large  concrete  anchors  buried  in  the 
ground.  From  the  mast-arms  the  wires 
are  suspended  by  means  of  five-part 
series  porcelain  insulators.  Each  of 
these  insulators  consists  of  five  disks 
hung  one  above  another,  the  diameter  of 
each  disk  being  10  inches.  The  com- 
plete insulator  will  stand  a  breakdown 
test  of  500,000  volts,  giving  a  large  fac- 
tor of  safety. 

On  dark,  cloudy  nights  the  line  is 
luminous,  emitting  a  bluish  glow,  due  to 
the  brush    discharge    at    the   extremely 
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DISCHARGE    FROM    L10.000-VOL/1 
LINE. 


high  potential   which  is  employed.     The 
accompanying  half-tone  illustrati 
produced  through   the  courtesy    of 
Western  Electrician,  is  from  a  night  pho- 
tograph   resulting   from   an   exposure   oi 
two  hours  and  ten  minutes. 


CONSTRUCTION  OF  A  TWO-MILE  WIRELESS 

OUTFIT. 


BY  V.  H.  LAUGHTER. 


Now  that  wireless  telegraphy  has  be- 
come well  established  as  a  practical 
method  of  communication  it  is  natural 
that  a  great  many  amateurs  are  experi- 
menting along  this  line.  There  are,  how- 
ever, a  number  of  complex  problems 
which  arise,  even  in  a  small  equipment, 
and  give  trouble.  For  the  benefit  of  the 
readers  of  this  magazine  I  will  de- 
scribe the  method  of  constructing  the 
principal  parts  of  a  set  which  will  oper- 
ate up  to  a  distance  of  two  miles,  and 
this  information  will  no  doubt  help  many 
of  them  out  of  their  difficulties. 

The  exact  size  of  induction  coil  neces- 
sary to  send  up  to  two  miles  will  depend 


FIG.    1. 


SPARK    COIL    FOR    TWO-MILE 
WIRELESS  OUTFIT. 


to  a  certain  extent  on  the  conditions  sur- 
rounding the  station.  For  a  safe  aver- 
age, however,  the  two-inch  spark  coil  is 
recommended,  as  the  writer  has  sent  up 
to  five  miles  with  a  coil  of  this  size,  al- 
though this  would  be  impossible  in  a  city, 
where  the  steel  sky-scrapers  cut  down  a 
large  portion  of  the  wave  energy.  In 
selecting  a  coil  for  wireless  work  not 
only  the  spark  length  but  the  general 
construction  must  be  considered.  To  say 
that  two-inch  spark  coil  will  send  a  cer- 
tain distance  is  only  an  approximation, 
for  it  is  not  the  spark  length  that  counts 
so  much  as  the  spark  volume  and 
strength. 

The  difference  in  energy  of  spark  coils 
is  due  to  the  size  wire  used  in  winding 
the  secondary.  The  majority  of  coils  are 
wound  with  very  fine  wire  in  the  sec- 
ondary,  usually  No.   36,   which  gives  a 


long,  thin  spark  across  the  secondary  ter- 
minals and  proves  excellent  for  X-ray 
work,  but  fails  to  give  good  results  for 
wireless  use.  If  this  secondary  be  wound 
with  No.  32  or  34  wire  the  spark  length 
will  be  cut  down  from  one-half  to  three- 
fourths  of  its  first  length,  but  a  hot,  fat 
spark  will  be  the  result,  which  is  capable 
of  sending  to  a  much  greater  distance 
than  the  long,  thin  spark.  Thus  we  see 
that  for  wireless  use  a  short,  fat  spark  of 
large  current  strength  is  desired  rather 
than  a  long,  thin  spark  of  high  voltage. 

The  coil  shown  in  Fig.  1  is  especially 
designed  for  wireless  use  and  will  give 
an  approximate  spark  of  two  inches  and 
prove  capable  of  sending  up  to  five  miles 
under  ordinary  conditions.  By  winding 
the  secondary  of  the  coil  with  No.  36 
wire,  no  doubt  a  full  three-inch  spark 
could  be  obtained.  However,  as  stated 
before,  a  short,  fat  spark  is  desired  for 
wireless  use.  The  exact  dimensions  of 
the  coil  are  as  follows :  Core,  i1/^  by  nine 
inches ;  primary  two  layers  of  No.  16 
B  &  S  gauge  double  cotton-covered  wire 
wound  to  within  ^4  mcn  of  each  end  of 
the  core ;  insulating  tube,  to  use  between 
primary  and  secondary,  of  hard  rubber 
1^  inches  inside  diameter,  1  13-16 
inches   outside  and   nine   inches   long; 
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WIRING  DIAGRAM  OF  SPARK  COIL 


secondary  winding,  three  pounds  No. 
32  double  cotton  covered  magnet  wire 
wound  in  16  sections  which  are  run 
through  boiling  parraffine  wax  and 
boiled  for  one  hour  in  linseed  oil.  The 
individual  sections  are  so  connected 
that  one  continuous  winding  is  formed, 
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the  sections,  however,  being  insulated 
from  one  another  with  six  sheets  of 
parrafnne  paper.  The  wiring  diagram 
of  the  core  is  shown  in  Fig  2. 

The  condensor  for  a  coil  of  this  size 
should  contain  approximately  800 
square  inches  of  tinfoil  or  28  five  by 
six  inch  sheets,  which  allows  40  inches 
over  for  loss  in  collecting,  etc.  The 
condensor  is  built  up  with  thin  bond 
paper  previously  prepared  by  boil- 
ing out  in  parrafnne  wax  and  cutting 
to  sheets  six  by  eight  inches  which 
gives  a  one-inch  margin  around  the 
edges.  Build  up  by  first  placing  down 
a  sheet  of  the  bond  paper  and  in  the 
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3.     ANTENNA  FOR  TWO-MILE 
WIRELESS    OUTFIT. 


taking  up  the  study  of  wireless  telegra- 
phy can  get  much  better  results  from  an 
open  circuit  set.  However,  if  the  tuning 
coil  is  used,  refer  to  "Wireless  Telegra- 
phy Made  Simple,"  in  the  July  issue. 

The  plan  of  working  a  sounder-  in 
conection  with  a  decoherering  device 
is  next  to  impossible  and  no  satisfac- 
tory results  can  be  had.  The  sounder 
is  sluggish  in  action  and  when  con- 
nected in  series  with  the  decoherer. 
usually  a  common  electric  bell  and 
which  gets  its  action  from  the  current 
flowing  through  the  electromagnets, 
an  intermittent  current  is  the  result, 
which  is  not  of  sufficient  period  or 
strength  to  magnetize  the  coils  of  the 
sounder  and  attract  the  armature.  If 
any  action  at  all  is  had  it  is  in  the 
form  of  a  chatter. 

The  antenna  shown  in  Fig.  3  is 
simple  and  easy  to  erect.  For  a  more 
complete  description  and  points  on  the 
construction  and  elevation  of  aerial  ar- 
rangements refer  to  "Wireless  Teleg- 
raphy Made  Simple"  in  the  August  is- 
sue of  Popular  Electricity.     It  is  not 


exact  center  a  sheet  of  foil.  Roll  the 
foil  down  with  a  glass  bottle  or  print 
roller.  At  the  left  end  a  connecting 
foil  strip  one  by  3  inches  is  placed  so 
that  one  inch  rests  on  the  foil  sheet 
and  one-inch  clear  of  the  paper.  A 
second  sheet  of  paper  is  now  placed 
on,  also  a  sheet  of  foil,  being  rolled 
down  as  before.  ^The  connecting  strip, 
however,  is  led  out  to  the  right  instead 
of  the  left.  This  method  is  followed 
throughout  the  construction,  alternate 
layers  of  foil  and  paper  with  the  con- 
necting strips  on  the  left  running  in 
the  odd  numbers  such  as  1-3-5  anc^ 
those  on  the  right  in  the  even  numbers 
as  2-4-6.  The  condensor  should  be 
built  up  in  four  different  sections  as 
follows :  14  sheets  for  the  first,  seven 
for  the  second,  four  for  the  third,  three 
for  the  fourth.  This  is  done  in  order 
that  the  capacity  can  be  quickly  regu- 
lated by  throwing  in  more  or  less  of 
the  sections  on  the  circuit,  which  is 
necessary  to  get  the  maximum  spark 
length. 

It  is  not  necessary  to  use  the  tun- 
ing coil  for  *  experimental  work  over 
this  distance;  in  fact,  those  who  arc  just 
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CONNECTIONS   FOR   LIGHTNING 
ARRESTER 


necessary  to  use  insulated  wire  from 
the  instruments  to  the  antenna  but  all 
lead-ins  should  be  well  insulated  with 
tape  and  porcelain  tubes. 

The      best      means      for      protection 
against     lightning    is     to    connect 
aerial  wire  directly  to  the  ground.    The 


simplest    plan    is    shown    in    Fig.    4 


in 
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which  a  single  pole  switch  is  con- 
nected to  the  two  terminals  and  left 
closed  when  the  set  is  not  in  use. 


CABLE    HAULING    ON    THE    NEW    MAN- 
HA1TAN  BRIDGE. 

The  four  huge  cables  that  will  sup- 
port the  new  Manhattan  bridge,  connect- 
ing the  boroughs  of  Brooklyn  and  Man- 
hattan, New  York,  are  now  being  hauled 
into  place.  Each  cable  will  contain  37 
strands  of  256  wires  each,  a  total  of  9472 


rope  is  three-quarters  inch  in  diameter 
and  runs  above  the  position  of  the  bridge 
cables  on  heavy  rollers  supported  on  up- 
rights on  a  temporary  foot  bridge.  There 
are  five  of  these  hauling  rope  supports  on 
the  center  span,  two  on  each  end  span 
and  one  on  each  tower. 

The  hauling  sheaves  move  back  and 
forth  across  the  bridge  from  anchorage 
to  anchorage,  a  distance  of  3,223  feet. 
They  are  attached  one  to  each  leg  of  the 
hauling  rope  so  that  they  move  in  oppo- 


FIG.    1.     UNREELING    THE    WTIRES. 


wires  in  each  cable,  which  must  be  strung 
wire  by  wire.  The  enormous  amount  of 
work  involved  is  done  by  machinery 
driven  by  electric  motors. 

The  stringing  of  the  wires  in  each 
cable  is  accomplished  by  means  of  two 
traveling  sheaves  carried  on  opposite  legs 
of  an  endless  steel  rope.  Each  sheave,  Fig. 
2,  consists  of  a  three-foot  grooved  wheel 
fastened  to  the  hauling  rope  by  means  of 

The     hauling 


wrought    iron    brackets 


site  directions,  one  crossing  the  bridge  as 
the  other  returns. 

The  wire  is  delivered  to  the  bridge  on 
enormous  reels  or  spools,  weighing  three 
tons  each.  Half  of  these  reels  are  placed 
at  each  end  of  the  bridge,  see  Fig.  1.  The 
end  of  the  wire  from  a  reel  at  each  end 
of  the  bridge  is  put  over  the  hauling 
sheave  at  that  end  and  fastened  to  the 
anchorage.  The  machinery  is  then  start- 
ed  and    the    sheaves    move     across     the 
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bridge,  unwinding  one  wire  from  each 
reel.  Two  wires  are  thus  strung  by 
each  sheave  every  time  it  crosses  the 
bridge.  When  the  sheave  reaches  the 
opposite  side  of  the  bridge  the  bight  of 


FIG.   2.      TRAVELING  SHEAVE. 

the  wire  is  taken  off  and  made  fast  to  that 
anchorage,  and  a  new  wire  hauled  from 
that  side  on  the  return  trip. 

The  wires  are  laid  in  temporary  sad- 


porary  saddle  by  means  of  a  chain  hoist 
and  laid  in  its  proper  place  in  the  per- 
manent saddle. 

There  is  a  separate  hauling  mechanism 
for  each  of  the  four  bridge  cables,  so  that 
they  are  strung  independently  of  each 
other.  Delays  are  therefore  not  cumu- 
lative. The  delays  in  one  cable  affect 
that  cable  alone,  and  the  work  proceeds 
on  the  others.  This  results  in  a  very  con- 
siderable saving  of  time. 

Each  hauling  rope  is  driven  by  a  50- 
horsepower,  220-volt  motor.  This  is  the 
type  of  motor  designed  by  the.  Crocker- 
Wheeler  Company,  for  rolling  mill  duty.. 
and  is  well  adapted  to  work  of  this  kind 
where  sudden  overloads  and  frequent 
starting  and  stopping  are  likely. 

The  driving  mechanism  is  shown  in 
Fig.  3.  Each  motor  is  geared  to  a  coun- 
tershaft at  a  ratio  of  5  to  1,  and  the 
countershaft  is  bevel  geared  to  the  driv- 
ing shaft  at  a  5  to  1  ratio.  On  the  driv- 
ing shaft,  above  the  gears  is  a  wood 
lined,  grooved,  six-foot  traction  wheel. 
which  drives  the  hauling  rope.     A  five- 
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dies  of  four  grooved  pulleys  at  each 
anchorage.  As  the  hauling  of  each 
strand  of  256  wires  is  completed  the 
wires   are   bound   together  at    intervals, 

and   the   strand    is   lifted    from    the   ten: ■ 


foot   idler  wheel  is  also  provided  S 
the  hauling  rope  passes  the  traction  wheel 
twiee.  to  produce  the  necessary  grip* 
The  hauling  rope  moves  at  a  spe< 
approximately  480   feet   per  minut< 


42: 


POPULAR    ELECTRICITY 


carries  the  sheaves  across  the  river  in 
about  seven  or  eight  minutes.  Allowing 
for  the  time  used  in  attaching  wires  at 
each  end,  about  three  trips  are  made  per 
hour.  It  is  estimated  that  at  this  rate 
the  work  of  hauling  will  occupy  four 
months,  some  time  being  consumed  in 
fixing  guide  wires  for  each  strand  and 
in  adjusting  the  wires  after  they  are 
hauled. 

The  hauling  equipment  for  this  bridge 
differs  from  any  previous  attempt.  It 
will  be  remembered  that  in  hauling  the 
cables  for  the  Williamsburg  bridge  two 
steam  engines  were  used,  connected  to 
the  same  driving  shaft.  It  later  became 
necessary  to  cut  this  shaft  and  use  the 
engines  independently  to  avoid  cumula- 
tion of  delays.  Even  with  that  arrange- 
ment only  two  cables  could  be  hauled  si- 
multaneously. This  plant  has  double  the 
capacity  besides  being  electrically  instead 
of  steam  driven,  with  the  consequent 
ease  of  manipulation  and  control. 


UNIQUE  WINDOW  DISPLAY. 

Recently  there  appeared  in  the  window 
of  the  Northern  Electrical  Company  of 
Minneapolis,  Minn.,  a  really  remarkable 
display  of  ingenuity  in  representing  a 
moonlight  scene  of  a  battle  ship  in  San 


BATTLESHIP    MADE    OF    ELECTRICAL    MA- 
TERIAL. 

Francisco,  with  the  Golden  Gate  in  the 
background.  The  blue  waters  of  the  bay 
consisted  of  blue  vitrol  solution  and  the 
remainder  of  the  scene,  including  the 
battle  ship  itself,  was  made  up  of  over 
500  pieces  of  electrical  material.  The 
illumination  effects  were  of  course  ob- 
tained by  electric  lamps, 


The  sides  of  the  ship's  hull  were  ar- 
mored with  porcelain  cleats ;  the  guns 
consisted  of  porcelain  tubes  mounted  in 
turrets  made  of  outlet  boxes ;  the  funnels 
were  of  fibre  tube ;  the  searchlights  were 
incandescent  lamps,  and  so  on,  all  of. 
the  construction  material  used,  being  de- 
vices used  every  day  by  the  electrical 
contractor. 


ELECTRIC  WATER  LEVEL  INDICATOR 

In  cellars,  ice  pans,  boats,  tanks,  etc., 
where  it  is  desirable  that  an*  alarm  be 
given  when  the  water  rises  to  a  certain 
predetermined  level,  a  simple  electric 
alarm  may  be  constructed  as  shown  in 
the  diagram. 

A  metal  base  with  vertical  rod  at- 
tached forms  the  standard,  upon  which  is 
a   sliding   member   held    at   any    desired 
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WATER    LEVEL    INDICATOR. 

height  by  a  thumb  screw.  Extending  out 
horizontally  from  the  sliding  member  are 
two  metal  strips  or  springs,  the  lower  one 
being  movable  vertically  and  carrying  a 
piece  of  cork  on  its  under  side. 

The  two  springs  are  insulated  from 
each  other,  one  being  held  by  screw  (A) 
and  the  other  by  screw  (B).  The  two 
terminals  from  a  bell  and  battery  circuit 
are  connected  to  these  two  screws.  When 
the  water  rises  sufficiently  to  float  the 
cork,  connection  is  made  between  the  two 
springs  and  the  circuit  closed,  ringing  the 
bell 
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AN  800-TON,  MOTOR  OPERATED  BAS- 
CULE BRIDGE. 

The  largest  double-track,  single-leaf 
bascule  bridge  in  the  world  was  recently 
put  in  commission  in  Chicago.  It  was 
constructed  by  the  Chicago  &  North- 
western  railroad   at  a   cost   of  $425,000 


of  50  horsepower  each,  although  this  is 
in  excess  of  the  power  actually  required. 
The  motors  are  provided  with  geared 
pinions  which  operate  on  a  toothed  rack 
to  raise  and  lower  the  bridge. 

In  addition  to  the  two  motors  above 
mentioned,  a  third,  of  three  horsepower. 


AN    800-TON    MOTOR    OPERATED    BASCULE     BRIDGE. 


and  spans  the  North  Branch  of  the  Chi- 
cago river  just  above  its  junction  with 
the  main  stream.  Perfectly  balanced  by 
a  huge  counterweight  of  concrete  and 
pig  iron,  this  great  steel  structure  weigh- 
ing 1,600,000  pounds  may  be  raised  and 
lowered  by  two  men  operating  a  hand- 
winch.  This  work  is  not  to  be  done  by 
hand,  however,  except  in  case  of  emer- 
gency, electric  motors  being  used  for  the 
purpose. 

The  bridge  is  of  steel  cage  construc- 
tion with  a  clear  span  of  170  feet.  It  is 
supported  at  one  end  on  steel  trunnions 
21  inches  in  diameter.  The  counter- 
weight, which  weighs  1,400,000  pounds, 
balances  the  bridge  on  these  trunnions 
like  a  "teeter  board." 

Two  direct  current  motors  o\  the  street 
car  type   operate   the  bridge.    They   are 


operates  wedges  which  lock  the  bridge  in 
place  when  it  is  down. 

So  perfectly  was  the  bridge  designed 
and  constructed  that  on  the  first  trial, 
when  it  sank  slowly  into  position,  the 
ends  of  the  tracks  met  within  half  an 
inch. 


THE  ELECTRIC  HYDROSCOPE. 

The  electrical  hydroscope  of  J.  Poen- 
chon,  as  described  to  the  Paris    Academy 
of  Science,  is  so  extremely  sensitive  that 
it  indicates  the  variations  in  moist  vapor 
emanated     from     Afferent    pans    of  the 
hand.      The  back  o\  the  hand  at  half  an 
inch  from  the  instrument  causes  the  - 
of  light  reflected  by  the  galvanometei 
he  deflected  about  two  inches  on  the  scale, 
while  the  end  of  the  finger  gives  m 
stronger  action. 


ELECTRICITY  IN  COAL  MINING. 


PART  II GATHERING  LOCOMOTIVES. 


Advent  of  the  electric  locomotive  for 
operation  in  the  main  haulage  ways  in 
mines,  while  it  greatly  increased  produc- 
tion and  widened  the  extent  of  working 
areas,  did  not  at  first  eliminate  the  mine 
mule.  It  merely  forced  him  to  the  ex- 
tremities of  the  system,  there  to  do  the 
"detail"  of  feeding  and  serving  the  main 
haulage.  It  was  soon  recognized,  how- 
ever, that  the  problem  of  transportation 
was  thus  only  half  solved  and  that  haul- 
age wholly  mechanical  was  necessary  to 


calls  only  for  a  plain  haulage  locomotive 
of  suitable  weight  for  the  maximum 
number  of  cars  to  be  hauled  at  one  time 
and  requires  no  auxiliary  conductor  cable 
unless  for  occasional  use  in  working  be- 
yond the  end  of  the  trolley  wire  in  the 
entry.  The  frequent  switching,  however, 
makes  desirable  a  locomotive  under  best 
possible  control  as  to  quickness  in  start- 
ing and  stopping.  Flexibility  of  wheel 
base  is  also  an  essential  of  a  locomotive 
for  practical  service  in  side  entries,  where 


GATHERING     LOCOMOTIVE    ENTERING    MAIN  PASSAGE  WAY 


ideal  operation,  which  led  to  the  develop- 
ment of  the  gathering  locomotive. 

Gathering  the  coal  from  the  workings 
and  delivering  it  to  the  main  passage 
ways  where  it  is  taken  by  the  heavier 
trains,  involves  features  of  a  peculiar 
character  which  have  led  to  the  design  of 
special  types  of  locomotives.  There  are 
three  general  methods  of  gathering  to  be 
recognized : 

I.  Entry  gathering,  wherein  the  loco- 
motive does  simple  switching  work, 
picking  up  loads  pushed  out  from  the 
rooms  by  the  miners  and  dropping  emp- 
ties for  the  men  to  push  to  the  face.  This 


tracks  are  usually  of  light  rails,  laid  in 
only  temporary  fashion  and  not  well 
maintained. 

2.  Face  gathering,  under  conditions 
such  that  the  locomotive  may  go  into  the 
room  and  up  to  the  face  to  leave  an 
empty  or  get  a  loaded  car,  deriving  pow- 
er from  the  trolley  wire  on  the  entry 
through  an  auxiliary  conductor  cable 
paid  off  from  a  reel  carried  on  the  loco- 
motive. Besides  requiring  all  the  features 
of  the  simple  entry  gathering  locomotive, 
including  quickness  in  handling  and  flex- 
ibility of  wheel  base,  the  locomotive  for 
face  gathering  must  be  able  to  operate 
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in  very  close  quarters  and  on  sharp 
curves — in  fact,  be  no  larger  than  the 
mine  car  itself  and  at  least  equally  free 
in  running-  anywhere  about  the  mine. 

3.  Face  gathering-  in  a  pitching  seam, 
where  the  entry  is  on  haulage  level  and 
rooms  run  down  the  dip,  the  locomotive 
remaining  on  the  entry  opposite  the  room 
and  dropping  an  empty  in  or  pulling  a 
load  out  by  means  of  a  steel  haulage  ca- 
ble attached  to  a  power-operated  drum 
incorporated  in  the  design  of  the  locomo- 
tive itself. 

In  actual  service  these  three  ele- 
mentary methods  may  sometimes  be  ap- 
plied separately,  but  more  often  in  com- 
binations of  two  or  of  all  three  together. 

One  of  the  illustrations  shows  a  gath- 
ering locomotive  bringing  a  load  out  of  a 
room  into  the  main  passage  way.  The 
locomotive  derives  its  current  from  the 
coil  of  two-conductor  cable  which  winds 
and  unwinds  on  the  drum  as  the  loco- 
motive approaches  or  leaves  the  main 
passage.  One  conductor  of  the  cable 
terminates  in  a  hook  which  anchors  it 
firmly  to  the  track  and  forms  the  ground 
connection  of  the  motor  circuit.  The  end 
of  the  other  conductor  terminates  in  an- 
other hook  which  is  hung  over  the  trolley 
wire  over  the  main  track.  There  is  con- 
sequently no  necessity  of  a  trolley  wire 
in  the  lateral  where  the  gathering  loco- 
motive is  working. 

The  second  illustration  shows  a  gath- 
ering locomotive  "reeling"  its  way  out  of 
a  room  with  a  train  of  loaded  cars. 


POWER  WIRES  NOT    DANGEROUS  TO 
HOSEMEN. 

The  idea  is  more  or  less  prevalent 
among  firemen  that  a  stream  of  water 
when  played  against  a  live  wire  will  con- 
duct enough  electricity  to  endanger  the 
hoseman.  As  a  matter  of  fact  water  is  a 
poor  conductor  of  electricity  if  it  is  rea- 
sonably free  from  impurities  and  a  dan- 
gerous shock  is  hardly  possible.  A  series 
of  tests  was  recently  carried  out  at  the 
Pennsylvania  railroad  shops  at  Altoona, 
Pa.,  a  short  time  ago  to  prove  this. 

A  naked  wire  was  played  upon  by  a 
hose  with  a  brass  nozzle,  the  operator 
practicallv  standing  in  a  pool  of  water. 
The  nozzle  was  connected  by  a  wire  to  a 
voltmeter  which  registered  the  exact  volt 
age  of  the  current    which  was  conveyed 


over  the  stream  to  the  nozzle.  Although 
the  potential  at  the  wire  was  4,600  volts, 
only  20  volts  were  measured  at  the  point 
where  the  operator  held  the  nozzle  and 
he  was  none  the  worse  by  the  experiment. 

ELECTRICALLY  DRIVEN  SWJNG  SAW. 

A  new  application  of  motor  drive 
to  wood-working  machinery  is  pre- 
sented   by    the    Reliance    swing    saw 


shown  in  the  picture.  The  saw  is 
mounted  on  a  swinging  arm  and  driv- 
en by  a  belt  from  the  motor,  which 
is  mounted  on  the  cast  iron  base  from 
which  the  saw  is  suspended.  The 
motor  rheostat  is  mounted  so  as  to  be 
a1  ways  at  the  hand  of  the  operator. 
The  saw  is  counterbalanced  and  re- 
turns automatically  as  soon  as  the  han- 
dle is  released.  The  device  may  also 
be  mounted  on  supports  attached  to  a 
work  bench  so  that  the  bench  and  tool 
may  be  moved  from  one  part  of 
shop  to  another. 
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DENTISTS'  ELECTRIC   FURNACE   AND 
PYROMETER. 

There  are  differences  of  opinion  as  to 
what  constitutes  a  proper  glaze  for  dental 
porcelain.  What  one  operator  considers 
just  right  would  be  underfused  in  the 
opinion  of  another.  One  would  carry  the 
fusing  only  far  enough  to  develop  the 
color ;  another  would  continue  the  heat 
until  the  sharp  edges  begin  to  round. 
Somewhere  between  these  extremes 
every  man  finds  his  ideal  of  fusing.  With 
the  aid  of  an  electric  furnace  and  pyrom- 
eter such  as  is  illustrated  herewith,  a 
given  result  can  be  duplicated  time  after 
time  by  following  the  same  procedures. 

The  Hammond  furnace  consists  of  a 


FIG.  1.  ELECTRIC  PYROMETER  AND 
FURNACE  COMPLETE. 

muffle  of  double  construction  and  an 
outer  envelope  inclosing  the  inner  muf- 
fle proper,  which  carries  the  heat  wires, 
with  a  fire-clay  door  to  close  the  open- 
ing. Both  units  are  of  a  specially  re- 
fractory composition  and  they  are  held 
together  by  refractory  fillings  and  plugs, 
and  a  thin,  tight-fitting  steel  jacket  in- 
closes the  whole.  The  heat  wires  pass 
around  and  around  the  inner  muffle,  im- 
bedded within  its  substance  deep  enough 
to  avoid  accidental  short-circuiting,  but 
not  so  deep  as  to  interfere  with  the  free 
radiation  of  heat  into  the  chamber.  There 
is  thus  a. uniform  temperature  through- 
out the  chamber  which  is  easily  regulated 
to  the  porcelain  used  by  a  rheostat  gov- 
erned by  a  control  lever  working  over  a 
series  of  13  contacts. 

The  pyrometer  is  based  on  the  princi- 


ple that  two  dissimilar  metals  joined  to- 
gether and  subjected  to  heat  form  what 
is  technically  called  a  thermo-electric 
couple  and  generate  an  electric  current 
exactly  proportioned  to  the  amount  of 
heat  applied.  Such  a  couple,  composed 
of    two    high-fusing   metals,    is   inserted 


FIG.    2.     APPLICATION   OF  THE    THERMO- 
COUPLE. 

within  the  furnace  muffle  whose  tempera- 
ture it  is  desired  to  determine,  and  a  sen- 
sitive measuring  instrument  indicates  ac- 
curately the  current  used.  Since  the  heat 
is  proportional  to  the  current,  the  instru- 
ment really  indicates  the  exact  tempera- 
ture condition  in  the  furnace.  In  this 
way  the  operator  can  regulate  the  tem- 
perature by  observing  the  instrument  and 
moving  the  handle  of  his  rheostat  till  the 
desired  results  are  obtained.  These  re- 
sults may  then  be  duplicated  at  any  time 
by  bringing  the  indicator  of  the  instru- 
ment to  the  same  position  on  the  scale. 

Fig.  1  shows  the  instrument  complete. 
Fig.  2  shows  the  application  of  the  ther- 
mo-couple. The  couple  terminates  in  a 
small  bulb  located  at  the  center  of  the 
heat  area  in  the  muffle.  An  inlay  or 
crown  to  be  fused  is  placed  as  near  the 
bulb  as  may  be.  It  is  obvious  that  being 
thus  at  the  center  of  the  heat  area  the 
piece  will  be  exposed  to  the  full  power  of 
whatever  heat  is  developed  in  the  muffle 
and  under  the  most  favorable  conditions 
for  uniform  action.  On  this  fact,  and 
the  further  fact  that  the  pyrometer  will 
indicate  unerringly  what  that  heat  may 
be,  is  based  the  use  of  the  instrument  as 
a  guide  to  proper  fusing. 

ELECTRICITY    A    PROTECTION  AGAINST 
TEREDO  WORMS. 

An  interesting  discovery  is  stated  to 
have  been  made  by  a  wharf  builder  of 
San  Francisco  who  was  rebuilding  an  old 
wharf  in  which  the  piles  had  been  badly 
destroyed  by  borers — teredo.  One  pile 
was  found  to  be  thoroughly  sound,  and  a 
careful  investigation  of  the  cause  of  this 
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exception  revealed  the  fact  that  the  pile 
had  been  used  to  support  a  live  wire.  He 
then  carried  out  experiments  with  elec- 
tricity upon  wooden  piles,  and  discovered 
that  the  teredo  would  not  bore  into  a  pile 
in  which  a  very  small  current  was  main- 
tained. 


A  SMALL  WIRELESS  TELEGRAPH  OUTFIT. 

One  of  the  smallest  wireless  telegraph 
receiving  outfits  ever  constructed  was  re- 
cently completed  by  D.  J.  F.  Willett  of 
Avalon,  Santa  Catalina  Island,  Cal.  The 


effect.  This  phenomenon  is  evident  when 
two  dissimilar  metals  are  in  contact  and 
are  heated,  the  result  being  a  flow  of 
electric  current.  Therefore,  when  the 
wireless  waves  come  in  over  the  aerial 
and  travel  to  the  condenser  through  the 
brass-silicon  contact,  although  they  are 
too  slight  to  be  detected  in  the  telephone 
they  are  sufficiently  strong  to  produce 
slight  changes  of  temperature  at  the 
point  of  contact  between  the  silicon  am] 
brass.  These  changes  of  temperature, 
which  rise  and  fall  in  unison  with  the  in- 


FIG.    1.      UNIQUE    WIRELESS    TELEGRAPH    MAST. 


main  mast  for  the  aerial  is  composed  of 
bamboo  rods,  which,  when  assembled, 
reach  a  height  of  30  feet,  as  shown  in 
Fig.  1.  When  not  in  use  this  mast  may 
be  taken  apart  and  folded  up,  being  no 
heavier  or  more  bulky  than  an  angler's 
outfit. 

The  receiver,  Fig.  2,  is  of  the  silicon 
type.  A  silicon  button  is  set  in  a  brass 
bed  connected  with  one  of  the  binding 
posts,  from  which  a  wire  leads  to  a  con- 
denser which  acts  as  a  ground.  A  brass 
point,  regulated  by  a  screw  and  tension 
spring,  rests  against  the  silicon  button 
and  is  connected  to  the  aerial  wire 
through  the  other  binding  post.  A  tele- 
phone receiver  is  connected  between  the 
aerial  and  ground,  forming  a  shunt 
around  the  detector.  The  very  slight 
current  necessary  to  actuate  the  receiver 
is  set  Up  by  what  is  known  as  a  thermal 


coming  waves,  then  set  up  little  fluctuat- 
ing currents,  locally  around  through  the 


FIG,  ■:.     SILICON   RECEIVE 

receiver,  which  clicks  in  accordance  with 
the  incoming  waves 
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EYE  MAGNETS. 

Eye  magnets  are  now  an  important 
part  of  the  surgeon's  equipment  and 
prove  very  valuable  in  removing  steel  or 
iron  particles  from  the  eyeball.  These 
magnets  are  what  are  termed  electromag- 
nets; that  is,  they  are  energized  by  di- 
rect current  electricity  which  is  passed 
through  a  coil  of  wire  surrounding  the 
iron  core  of  the  magnet.  As  long  as  the 
current  flows  the  magnet  will  exert  a 
powerful  pull,  but  as  soon  as  it  is 
switched  off  the  core  has  no  magnetic 


FIG.  1.     EYE  MAGNET  AND  CRANE. 

effect  except  a  very  little  known  as  re- 
sidual magnetism. 

The  eye  magnet  shown  in  Fig.  i  is 
mounted  on  a  portable  crane.  The  mag- 
net alone  weighs  about  60  pounds,  but 
is  so  perfectly  poised  that  it  may  be  con- 
trolled with  very  slight  effort  on  the  part 
of  the  operator.  It  measures  10  inches 
in  length  and  five  inches  in  diameter,  and 
it  is  capable  of  exerting  a  pull  of  ap- 
proximately 400  pounds  to  the  square 
inch. 


The  patient  is  laid  on  a  couch  or  table 
and  the  crane  moved  up  to  his  side.  Then 
the  point  of  the  magnet  is  held  down 
close  to  the  eye  and  the  current  turned 
on.  The  magnetic  substance  in  the  eye 
will  then  come  out  in  a  hurry  and  attach 


fig.  2. 


EYE   MAGNET    ON   SWIVELED 
PEDESTAL. 


itself  to  the  magnet.  Current  is  turned 
on  and  off  by  the  pedal  arrangement. 

Fig.  2  shows  the  same  type  of  magnet 
mounted  on  a  swiveled  pedestal  so  that  it 
can  turn  about  freely  in  all  directions. 

This  same  magnet  may  also  be  pro- 
vided with  a  flexible  tip  as  shown  in  Fig. 
3,  providing  for  more  careful  and  accu- 
rate manipulation.  This  flexible  tip  con- 
sists of  tightly  woven  steel  wires  and  is 
attached  to  a  special  holder  on  the  face 
of  the  magnet.  When  the  current  is  ap- 
plied the  tip  becomes  magnetic  the  same 
as  the  magnet  itself. 

In  extracting  magnetic  bodies  that 
have  actually  penetrated  the  body  of  the 
eyeball,  the  full  strength  of  the  magnet 
is  required  to  attract  and  draw  the  mag- 


POPULAR    ELECTRICITY 


429 


FIG.    3.     EYE  MAGNET  WITH  FLEXIBLE 
TIP. 

netic  particle  forward,  then  the  flexible 
tip  may  be  brought  into  play  for  the  ma- 
nipulation usually  necessary  before  the 
particle  can  be  withdrawn. 

THE  FUTURE  OF  ELECTRICITY. 

Professor  Charles  P.  Steinmetz,  one 
of  the  best  known  electrical  engineers  of 
the  day,  recently  delivered  a  lecture  un- 
der the  auspices  of  the  New  York  Elec- 
trical Trade  School  on  the  subject  of 
"The  Future  of  Electricity."  Some  of 
the  observations  which  he  makes  regard- 
ing the  possibilities  of  electricity  in  pro- 
ducing the  two  great  necessities  to  life — ■ 
heat  and  productivity  of  the  soil — are 
very  interesting  and  the  following  para- 
graphs set  forth  bis  ideas  on  these  sub- 
jects: 

When  we  reach  the  end  of  our  re- 
sources in  coal,  in  the  not  very  far  distant 
future,  then  the  only  remaining  source 
of  power,  the  only  thing  which  will  keep 
us  from  freezing  will  be  the  water  power, 
which  we  will  have  to  utilize  electrically. 
At  the  present  time,  with  all  our  so-called 
development  of  water  power,  the  avail- 
able supply  is  hardly  touched.  In  a  single 
New  England  state  water  power  is  run- 
ning to  waste  many  times  greater  than 
the  power  of  Niagara.  The  water  pow- 
er that  we  use  now  is  power  that  is  col- 
lected in  the  waterfall,  and  as  electric 
current  it  is  sent  out,  but  we  have  not  yet 
started  to  collect  the  power. 

We  are  gradually  extending  the  use  o\ 
water  power,  but  what  we  have  done  so 
far  is  very  little.  Consider  the  case  of 
the  'Hudson  river.  We  probably  use  up 
altogether  from  its    falls  something  like 


150  feet  head.  We  do  not  make  an  at- 
tempt to  get  the  enormous  power  which 
runs  to  waste  through  the  spring  floods, 
or  in  all  the  creeks  and  the  rivers  tha\ 
feed  into  the  big  stream.  Practically  all 
that  water  comes  down  from  elevations 
of  two  to  three  thousand  feet  above  the 
ocean  level.  And  of  that  power,  prac- 
tically all  is  wasted  in  all  the  little  creeks 
and  rivers  which  go  to  make  up  the  big 
stream;  all  except  150  feet  head. 
We  cannot  use  that  power  at  pres- 
ent, but  methods  will  have  to  be 
developed,  new  ways  of  collecting 
the  joined  powers  of  all  these  little 
streams,  creeks  and  rivers  so  as  to 
gather  the  power  together.  We  will  have 
to  do  all  this  when  we  are  at  the  end  of 
our  resources,  when  the  escape'  from 
freezing  and  starvation  depends  upon  our 
getting  the  power. 

There  is  an  enormous  field  for  the  elec- 
trical engineer,  and  without  him  there 
would  be  hard  times  coming  for  future 
generations,  much  harder  than  we  dream 
of  now.  We  will  then  have  to  develop  all 
that  power  that  is  now  being  wasted.  We 
can  see  in  which  direction  it  can  be  done, 
only  at  present  it  would  not  be  worth 
while  doing  it,  because  we  can  still  use 
our  capital  in  coal ;  but  we  will  not  al- 
ways be  able  to  use  that.  When  that  time 
comes  we  will  have  to  economize  ;  we  will 
not  be  able  to  go  haphazardly ;  we  may 
even  have  to  collect  the  rays  of  the  sun. 
whenever  it  shines,  to  get  the  heat,  be- 
cause it  takes  a  lot  of  electric  power  to 
produce  very  little  heat. 

There  is  still  an  enormous,  far  vaster 
problem,  confronting  the  nations  of  the 
earth,  which  at  the  present  time  only  elec- 
tricity seems  to  be  able  to  solve.  In  by- 
gone ages  all  civilization  started  in  the 
far  East,  in  the  big  river  valleys  of  Asia, 
in  countries  which  are  deserts  now. 
These  large,  dense  populations  earned 
their  living  by  tilling  the  soil.  That  soil 
does  not  bring  any  crops  now.  It  is  ex- 
hausted and  was  exhausted  a  long  time 
ago.  You  cannot  get  any  crops  there 
without  putting  back  in  the  soil  in  some 
way  whatever  was  taken  out  in  crops. 
There  is  no  capital  any  more  in  the  - 
there:  and  it  is  the  same  all  over  Europe 
In  America  we  have  been  more  fortunate. 
We  have  had  an  enormous  capita]  in  the 
soil  here;  first,  in  the  eastern  states.  But. 
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New  England  is  a  farming-  country  no 
more.  It  was  once,  but  the  farms  are 
exhausted.  There  is  still  the  West,  with 
its  vast  resources,  but  it  is  only  a  question 
of  time  when  all  those  farms  of  the  West 
will  reach  the  same  end  as  the  farms  of 
New  England,  as  the  farms  of  Europe 
and  of  the  Euphrates  valley,  and  when 
that  time  comes  we  will  not  be  able  to  do 
as  we  have  done  in  former  ages — go 
west.  No,  for  as  we  get  farther  west  we 
meet  the  Pacific  ocean,  beyond  which  are 
the  countless  millions  of  China,  whose 
lands  have  all  reached  that  stage  long 
ago.  So  the  last  capital  is  just  being 
used  up  now.  When  that  is  gone  what- 
ever we  take  out  as  crops  will  have  to  be 
put  back  in  the  soil  as  fertilizer.  For 
ages  there  were  accumulating  stores  of 
fertilizer  on  earth.  There  was  guano, 
bird  manure.  We  have  long  ago  used 
this  up.  It  is  not  now  available  as  fer- 
tilizer, because  it  is  gone.  There  is  salt- 
petre. Saltpetre  in  Chili  is  still  available, 
but  the  supply  will  be  exhausted  in  less 
than  ten  years.  It  is  already  so  far  ex- 
hausted that  the  price  is  beyond  reach  for 
general  use.  There  is  nothing  further  in 
view.  The  capital  is  gone  in  that  direc- 
tion.   We  have  to  produce  fertilizer  now. 

All  that  we  take  out  of  the  soil  as 
crops  we  now  dump  in  the  rivers  to  pol- 
lute the  streams.  But  soon  it  will  not  be 
a  mere  sanitary  question  any  more  of  pol- 
luting the  rivers.  We  are  sending  mil- 
lions and  millions  worth  of  fertilizer 
down  to  the  sea  lost  forever,  but  in  the 
future  we  will  have  to  use  that  waste  to 
keep  from  starvation,  and  all  that  ref- 
use, all  the  waste  of  the  cities  and  towns 
and  farms  must  go  back  to  the  farm,  to 
the  soil  from  which  it  was  taken.  But 
all  that  which  we  now  waste,  when  col- 
lected and  returned  to  the  farms  will  not 
replace  what  you  take  out,  because  there 
is  a  very  large  unavoidable  loss  in  the 
spontaneous  self-destruction  of  nitrogen 
compounds,  and  electric  power  apparent- 
ly is  the  only  efficient  means  which  at 
present  seems  to  be  able  to  combine  these 
elements  of  the  air — nitrogen  and  oxy- 
gen— which  are  necessary  as  a  fertilizer, 
and  which  cannot  completely  be  recov- 
ered. 

At  present  we  do  not  use  electric  pow- 
er for  this  purpose,  to  any  extent,  be- 
cause we  still  have  our  capital  of  virgin 


soil,  and  the  cost  of  electric  power  is  too 
high,  but  every  year  we  can  see  the  nec- 
essity increasing  of  producing  by  electric 
power  a  method  of  restoring  the  capital 
to  our  farms.  That  problem  is  a  very 
urgent  one,  and  will  have  to  be  met  with- 
in our  lifetime. 

But  now  that  we  have  so  many  uses  for 
electric  power,  and  the  only  available  sup- 
ply is  from  wr^er  power,  what  we  will 
need  is  a  method  of  completely  and  suc- 
cessfully collecting  all  the  power  which 
there  is  in  the  water  courses  of  this  coun- 
try. When  that  is  done  there  will  be  no 
more  rapid  creeks  and  rivers,  and  these 
streams  which  furnish  electric  power  will 
be  slow-moving  pools,  connected  with 
one  another  by  power  stations,  and  the 
creeks  will  be  empty,  because  their  water 
power  will  be  needed  to  maintain  our  life. 
There  will  then  be  no  more  question  of 
saving  the  beauty  of  nature  when  it  be- 
comes a  question  of  saving  our  lives,  and 
that  takes  precedence  over  the  beauty  of 
nature.  We  will  need  electric  power 
then  for  heating,  cooking,  keeping  our- 
selves warm,  and  for  restoring  the  fer- 
tility of  our  farms. 


ELECTRIC  AIR  PURIFIER. 

One  of  the  necessities  of  the  human 
system  is  pure  air.  Nature  constantly 
vitalizes  the  out-door  air  by  sunshine, 
winds,  rain,  snow  and  electrical  dis- 
charges. The  peculiarly  fresh  and  invig- 
orating air  after  a  thunderstorm  is  due 
to  the  ozone  produced  by  the  lightning 
discharges.  Ozone  is  a  colorless  gas  with 
a  pungent  odor  like  that  of  chlorine.  It 
is  formed  variously,  as  by  the  passage  of 
an  electric  discharge.  It  is  regarded  as 
a  form  of  oxygen  containing  three  at- 
oms to  the  molecule  (Os).  This  gas  is 
both  an  antiseptic  and  a  deodorizer. 
When  inhaled  it  fills  the  blood  with  oxy- 
gen more  rapidly  than  does  ordinary 
air. 

The  Ozone  Pure  Airifier  is  an  ozone 
producing  apparatus  for  purifying  the 
air  of  dwellings,  offices,  hospitals, 
schools,  vessels,  public  buildings,  lodge 
rooms,  etc.  It  is  run  by  electricity.  By 
merely  turning  a  button  you  are  able  to 
produce  in  your  bedroom,  office  or  work- 
shop all  the  life  sustaining  powers  of 
fresh  mountain  air.  The  health  giving 
breezes  of  the  piney  woods  can  be  sum- 
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moned  to  your  bedside  at  will.  At  the 
ordinary  temperature  of  your  living- 
rooms,  large  quantities  of  ozone  are  pro- 
duced, the  foul  air  is  revitalized  and 
filled  with  pure  life  sustaining  atmos- 
pheric ozone.  The  apparatus  is  noiseless, 
simple  to  operate  as  an  electric  light,  and 
requires  only  the  same  current. 

The  electrodes  used  are  such  as  to  pro- 
duce the  maximum  of  pure  ozone  from  a 


ELECTRIC  AIR   PURIFIER. 

given  current  of  electricity — at  lowest 
cost.  The  machine  is  made  of  any  re- 
quired size  to  suit  different  purposes, 
and  can  be  furnished  for  use  with  either 
an  alternating  or  a  direct  current. 

The  electricity  can  be  taken  from  the 
ordinary  house  wire  in  the  same  manner 
as  for  lighting,  and  is  as  easily  attached 
as  an  electric  fan. 


FIRE  HOSE  TELEPHONE. 

Harry  Groswith  of  Philadelphia,  Ta., 
is  the  inventor  of  an  improved  method 
for  making  electrical  contact  in  fire  hose 
couplings,  so  that  a  telephone  circuit  may 
be  established  through  the  length  of  the 
hose.  In  this  way  the  fireman  can  be 
provided  with  small  portable  telephones 
and  be  placed  in  direct  communication 
with  their  chief,  who  may  be  stationed 
a  block  away  and  out  of  hearing  amid  the 
din  and  commotion. 

The  apparatus  embodies  two  insulat- 
ed wires  embedded  in  the  walls  of  the 
hose  lengths.    As  the  ends  of  the  sections 


are  coupled  together  the  ends  of  the  re- 
spective wires  are  brought  into  contact. 
Since  the  hose  can  be  coupled  in  only 
one  way,  the  wires  cannot  get  "mixed" 
and  a  complete  circuit  is  consequently 
established. 


ELECTRICALLY  OPERATED  COPYING 
MACHINE. 

In  large  business  offices  where  hun- 
dreds of  letters  are  to  be  copied  before 
sending  out  the  day's  mail,  the  office  boy 
will  do  his  work  more  quickly  and  accu- 
rately if  he  is  provided  with  a  motor  oper- 
ated copying  machine.  A  particularly 
compact  outfit  is  shown  in  the  illustration 


COPYING    MACHINE    AND    MOTOR. 

and    in    appearance    it    will    do   credit    tc 
any     office.     The     copying     machine     is 

mounted  on  top  oi  a  neat  cabinet  contain- 
ing shelves  for  the  motor  and  for  paper 
and  other  supplies.  The  motor  requ 
very  little  current  and  no  special  wiring- 
is  needed,  as  a  cord  and  plug  are  pro- 
vided for  attachment  to  a  lamp  socket. 


HOW    A    FARMER    BUILT    HIS    OWN    ELECTRIC 

POWER  PLANT. 


BY   P.   J.   O  GARA. 


Probably  one  of  the  finest  examples  of 
how  waste  energy  has  been  turned  into 
useful  channels  may  be  seen  on  the  farm 
of  Mr.  E.  B.  Miner,  who  lives  on  the  out- 
skirts of  Oriskany  Falls,  a  small  manu- 
facturing town  in  Oneida  county,  New 
York.  Here  the  Oriskany  River,  a  stream 
having  a  normal  flow  of  65  to  70  second 
feet,  has  been  harnessed,  and  now  does 
practically  all  the  tasks  which  formerly 
required  so  much  hard  labor,  not  only  on 


100  feet  to  the  place  where  a  dam  of  the 
flow  type  was  built.  The  dam  as  orig- 
inally built  was  33/2.  feet  high  and  about 
36  feet  wide,  but  owing  to  the  difficulty 
of  getting  rid  of  flood  water  in  times  of 
heavy  rainfall,  it  was  found  necessary  to 
cut  a  part  of  the  forebay  and  extend  the 
new  dam  at  right  angles  to  the  first  one. 
Both  the  old  part  and  the  new  are  built 
of  timber  and  concrete,  and  a  hinged 
apron  can  be  raised  or  lowered  so  as  to 
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THE  POWER  HOUSE  AND  FOREBAY. 


the  farm  proper,  but  in  the  household  as 
well. 

It  was  in  1905  that  Mr.  Miner  decided 
to  build  his  hydroelectric  plant,  so  with 
the  assistance  of  his  brothers,  Ralph  and 
Harry,  both  electrical  engineers  by  pro- 
fession, careful  plans  and  estimates  were 
made  and  the  work  begun. 

At  a  convenient  point  on  the  bank  of 
the  river,  where  there  is  an  abrupt  drop, 
the  excavation  for  the  wheel  pit  was 
made  and  from  this  point  a  forebay  10 
feet  wide  was  extended  up  stream  about 


produce  an  effective  head  of  6  feet  at  the 
turbine  wheel  in  the  power  house.  The 
wheel  pit  is  constructed  of  timber  and 
concrete,  and  in  it  is  placed  a  30  inch 
Samson  turbine,  over  which  a  power 
house  10x16  feet  is  built.  A  rack  made 
of  iron  bars  keeps  debris  from  entering 
the  wheel,  and  a  gate,  which  may  be 
raised  or  lowered  by  a  windlass,  shuts  the 
water  from  the  wheel  pit  in  case  repairs 
are  necessary. 

Inside  the  power  house  the  construc- 
tion is  of  the  simplest  and  most  efficient 
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type.  Keyed  to  the  vertical  shaft  of  the 
30  inch  Samson  turbine,  which  has  a 
speed  of  no  revolutions  per  minute,  is  a 
wooden  driving  wheel  seven  feet 
in  diameter.  A  flange  in  the  lower 
edge  of  the  rim  prevents  the  driv- 
ing belt  from  slipping  off.  The 
belt  passes  over  an  idler  pulley, 
thence  by  a  quarter  twist  to  the  dynamo 
pulley,  which  has  a  speed  of  1,100  revolu- 
tions per  minute.    Upon  actual  test  it  was 


THE   POWER  DAM. 

found  that  the  turbine  has  an  output  of 
25  horse  power.  The  dynamo  is  a  com- 
pound wound,  250  volt,  12^2  kilowatt 
Westinghouse  machine  and  its  operation 
is  quite  noiseless.  A  field  rheostat  com- 
pletes the  power  house  equipment.     Be- 


DRIVE    WHEEL   AND    TURBINE    SHAFT. 

fore  going  farther  it  may  be  slated  that 
there  is  no  governor  on  the  water  wheel, 
nor  is  there  any  means  in  the  power 
house  to  keep  the  speed,  and  therefore 


the  voltage,  constant.  A  governor  is  be- 
ing built,  but  it  is  a  question  as  to  wheth- 
er it  is  absolutely  necessary,  since  under 
the  present  method  the  operation  of  the 
plant  is  successful  in  every  way.  This 
will  be  explained  at  another  place  in  this 
article. 

The  transmission  line,  which  is  about 
1,700  feet  long,  is  strongly  built  and  con- 
sists of  heavy  cedar  poles  spaced  100  feet, 
with  4  foot  cross  arms.  An  aluminum 
cable  made  of  seven  strands  of  Xo.  8  B. 
&  S.  wire  carries  the  current  from  the  dy- 
namo to  the  farm  buildings,  where  incan- 
descent lamps,  motors,  and  other  electri- 


THE   MILKING   MACHINE: 

cal  devices,  designed  for  220  volts,  are  in- 
stalled. 

One   of   the   first   applications   of   the 

electrical  energy  was.  of  course,  electri- 
cally lighting  the  residence  and  -other 
farm  buildings,  where  perhaps  fully  ~? 
10  candle  power.  220  volt  lamps  are  in 
use.  Later  motors  were  installed  for  va- 
rious uses. 

Mr.  Miner  has  a  finely  equipped  work- 
shop, where  all  sorts  of  machine  work  is 
done,  not  only  for  himself  bur  also  for 
others.  In  this  shop  he  has  constructed 
his  own   electric   motors,   tlatirons.   heat- 
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ers,  etc.  The  lathes,  drills,  and  other  ma- 
chines in  his  shop  are  operated  by  a  five 
horsepower,  220  volt  motor,  which  also 
furnishes  power  for  cutting  ensilage, 
sawing  wTood  and  various  farm  duties. 
Outside  the  shop  and  fastened  to  the  wall 
is  a  large  resistance  coil  which  is  connect- 
ed in  such  a  way  that  when  the  motor  is 
thrown  into  circuit  the  coil,  or  part  of  it, 
is  cut  out.  Mr.  Miner  has  built  an  auto- 
matic device  for  controlling  this  resist- 
ance load.  When  the  motor  is  heavily 
loaded  then  the  coil  outside  receives  no 
current ;  however,  when  the  motor  is  run- 


does    not    worry    about   the    number    of 
watts  lost  in  this  way. 

Next  to  the  workshop  in  point  of  in- 
terest is  the  dairy  barn,  where  eighteen  or 
twenty  cows  are  milked  morning  and 
evening  by  means  of  a  milking  machine. 
This  machine  is  of  the  vacuum  pulsating 
type,  two  cows  being  milked  at  one  time. 
The  motor  and  vacuum  pump  were  both 
designed  and  built  by  Mr.  Miner.  The 
pump  is  a  double  acting  machine,  and  the 
pistons  are  operated  by  planetary  gears, 
altogether  making  a  very  efficient  piece  of 
machinery.   From  the  pump  a  pipe  passes 


INTERIOR  OF   DAIRY  BARN.      MOTOR  AND    VACUUM    PUMP  ATTACHED    TO    CEILING. 


ning  light,  the  coil  takes  current  to  the 
extent  that  the  load  on  tie  generator  at 
the  power  house  is  the  same,  whether  the 
motor  is  lightly  or  heavily  loaded.  It  may 
be  said  here  that  the  generator  at  the 
power  house  carries  its  full  load  day  and 
night,  so  that  when  the  energy  is  not  used 
for  lighting  or  other  purposes  it  is  being 
dissipated  in  the  form  of  heat  from  the 
resistance  coils,  which  are  put  into  cir- 
cuit to  take  the  place  of  the  lights,  mo- 
tors, etc.  Of  course,  this  is  a  great  waste 
of  energy,  but  since  Mr.  Miner  does  not 
have  either  meter  or  flat  rates  to  pay,  he 


the  entire  length  of  the  row  of  stanchions, 
and  at  convenient  points  nipples  fitted 
with  valves  are  placed.  The  suction  hose 
from  the  milking  machine  is  slipped  over 
the  nipples  and  the  valve  opened.  The 
suction  apparatus  is  then  applied  and  the 
motor  does  the  rest.  Besides  doing  the 
milking,  this  little  one  horse  power  motor 
pumps  all  the  necessary  water  for  the 
barn. 

In  the  basement  of  the  residence  is  to 
be  found  a  well  appointed  dairy.  Here  a 
one  horse  power  motor  operates  a  cream 
separator.    This  piece  of  apparatus  is  so 


POPULAR    ELECTRICITY 


435 


designed  as  to  be  practically  automatic, 
once  the  motor  is  turned  on.  When  all 
the  milk  has  passed  through,  the  motor  is 
thrown  out  of  circuit,  and  at  the.  same 


MOTOR    DRIVING    CREAM    SEPARATOR. 

time  sufficient  clean  water  is  automatical- 
ly poured  into  the  separator  so  as  to 
cleanse  it  before  it  stops  running.  The 
motor,  besides  separating  the  cream,  also 
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MOTOR  DRIVEN   CHURN. 

does  the  churning,  pumps  water  into  a 
tank  for  house  use,  runs  the  grindstone, 
coffee  mill  and  ice  cream  freezer. 


In  the  kitchen  there  are  all  sorts  of 
cooking  and  heating  devices  which  are 
operated  by  electricity.  One  kitchen  de- 
vice, designed  and  built  by  Mr.  Miner's 


MOTOR  DRIVING  EGG  BEATER. 

son,  must  be  spoken  of  in  particular.  This 
is  an  egg  beater  which  is  run  by  a  one- 
eighth  horse  power  motor.  Just  over  the 
kitchen  table  a  bracket  holds  the  motor 
with  its  egg  beater  attached.  Three 
speeds  may  be  given  the  beater  by  a  con- 


CORNER   OF    LIVING    ROOM    SHOWIN 
w  \TT  ELECTRIC   HEATER. 

trolling    device.      By    simply    turning    a 
switch  this  little  motor 
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plays  a  mandolin  in  the  parlor.  This  lat- 
ter device  also  sprung  from  the  fertile 
mind  of  Mr.  Miner's  son. 

In  place  of  the  dirty  coal  stove,  Mr. 
Miner  has  installed  electric  heaters  of  his 
own  design  and  manufacture,  ranging 
from  3,000  to  4,000  watts  and  above.  In 
winter  the  full  output  of  the  power  plant 
may  be  utilized  in  furnishing  heat,  thus 
saving  the  expense  attached  to  burning 
wood  or  coal. 

But  in  the  summer  time,  when  cool 
rooms  are  as  much  desired  as  warm  ones 
in  the  winter,  electric  fans  keep  the  air  in 
circulation.    Besides  there  is  a  large  ven- 


HOMB  MADE  ELECTRIC  FLAT  IRON. 

tilating  fan  in  the  upper  story  of  the 
house  which  is  thus  kept  furnished  with 
pure  air. 

Laundry  day  is  no  longer  the  dreadful 
day  it  used  to  be,  for  a  motor  does  the 
washing  and  wringing  and  electric  flat- 
irons,  built  by  Mr.  Miner  himself,  do 
away  with  the  hot  stove  so  necessary  on 
ironing  day. 

The  main  switchboard  is  in  the  kitchen 
where  a  voltmeter  indicates  the  voltage. 
If  the  voltage  is  not  high  enough  for 
lights  or  other  devices,  it  may  be  raised 
to  the  proper  point  by  cutting  out  some 
of  the  resistance  load,  as  in  the  case  of 
the  workshop  mentioned  before.  In  case 
the  voltage  may  be  too  high  some  resist- 
ance load  may  be  cut  in,  thus  maintaining 
the  balance  of  the  entire  plant. 

The  entire  plant  is  so  successful  and 
simple  in  its  operation  that  it  gives  practi- 


cally no  trouble.  Even  in  winter,  when 
one  would  expect  ice  and  snow  to  inter- 
rupt its  operation,  it  has  kept  on  doing  its 
duty  without  an  undue  amount  of  atten- 
tion. The  machinery  in  the  power  house 
runs  night  and  day,  and  often  a  whole 
month  goes  by  without  its  having  a  sin- 
gle visit  from  any  one.  The  bearings  on 
both  water  wheel  and  dynamo  are  self 
oiling,  and  the  brushes,  which  take  the 
current  from  the  commutator  are  self  lu- 
bricating, thus  preventing  undue  spark- 
ing and  wear  on  the  commutator  surface. 
Of  course,  every  one  who  reads  this 
article  would  like  to  know  how  much  a 
plant  of  this  kind  would  cost.  Since  Mr. 
Miner  did  most  of  the  work  and  con- 
structed much  of  the  machinery  himself, 
it  would  be  hard  to  estimate  the  actual 
cost  outlay.  However,  it  is  quite  certain 
that  it  could  not  be  built  for  less  than 
$2,000.  Of  course  there  is  a  vast  differ- 
ence between  the  actual  cost  of  such 
plant  and  its  real  value.  It  is  certain  that 
Mr.  Miner  would  not  go  back  to  the  old 
way  of  doing  things  for  many  times  the 
actual  cost.  Think  of  all  the  back-break- 
ing jobs  the  Oriskany  River  is  doing  for 
him !  Think  of  the  cranks  that  used  to  be 
turned  by  hand  now  cast  into  the  scrap 
heap !  Think  of  the  many  hard  tasks  of 
the  household  now  made  comparatively 
free  from  drudgery!  And  all  this  has 
been  accomplished  by  knowing  what  to 
do  with  otherwise  wasted  energy,  and  the 
investment  of  a  few  dollars  which  have 
been  repaid  many  times. 


PHOTOGRAPHING  THE  VOICE. 

"Now  that  the  aeroplane  is  an  accom- 
plished fact,"  says  the  Chicago  Journal, 
"perhaps  it  might  not  be  wasting  time  to 
turn  to  the  parolograph,  which  has  just 
been  added  to  the  long  list  of  wonders  of 
the  age  by  a  French  government  engi- 
neer, Devaux  Charbonnel. 

"By  combining  a  microphone,  which 
multiplies  the  smallest  sound  so  it  can  be 
heard,  with  an  oscillograph,  which  traces 
the  variations  of  the  sound,  the  ordinary 
telephone  instrument  will  faithfully  re- 
produce the  human  voice  on  a  photo- 
graphic plate  in  a  series  of  waves  and 
curves  which  anyone  may  easily  learn  to 
read. 

"Mastering  this  science  will  soon  be 
part  of  the  stenographer's  duties,  and  we 
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may  expect  to  see  want  ads  reading, 
"Wanted — Rapid  and  accurate  shorthand 
and  typewriter,  who  is  experienced  with 
parolograph." 

"Coupled  with  the  compound  system  of 
telephony  which  enables  any  number  of 
messages  to  be  transmitted  over  one  wire, 
it  will  only  be  necessary  to  put  in  a  num- 
ber of  instruments  to  do  away  with  the 
dread  "Line  is  busy."  The  business  man 
can  call  up  his  party  and  leave  his  mes- 
sage in  such  fashion  that  it  can  not  pos- 
sibly be  transmitted  incorrectly  by  a  care- 
less employe. 

"Incidentally,  while  it  is  easy  to  dis- 
tinguish the  different  vowels  and  con- 
sonants as  recorded  by  the  parolograph, 
the  inventor-  says  no  two  persons  in 
speaking  produce  exactly  the  same  sound 
waves.  The  French  police  propose  to 
make  use  of  this  peculiarity  and  add  the 
voice  picture  to  the  Bertillon  records  and 
thumb  prints  to  make  assurance  doubly 
sure." 


ELECTRX  IRONS  IN  THE  MANUFACTURE 
OF    CLOTHING. 

Progressive  manufacturing  establish- 
ments where  "ready  made"  clothes  are 
produced  in  large  quantities  as  well  as 
the  shop  of  the  custom  tailor  must  now- 


room  reduced.  At  best,  the  work  of  the 
presser  is  arduous,  and  when  its  must  be 
performed  in  a  vitiated  and  heated  at- 
mosphere attendant  upon  the  use  of  gas 
or  charcoal  heated  irons  it  becomes  al- 
most intolerable. 

One   of  the  views   herewith   shows   a 
line   of   a   dozen   or   more   operators   all 


TAILOR'S    MACHINE    IRON. 

using  the  latest  type  of  Simplex  electric 
tailors'  irons.  In  this  particular  in- 
stance the  irons  are  used  for  pressing 
out  leather.  The  other  view  shows  a 
tailors  electric  machine  iron  complete 
with  stand,  switch  and  controlling  rheo- 
stat.     Six  degrees   of    heat   are   obtain- 
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ELECTRIC    IRONS    IN    OPERATION. 


a-days  be  equipped  with  electric  irons 
to  be  called  strictly  up-to-date.  The  use 
of  the  electric  iron  radically  improves  the 
sanitary  conditions  of  the  shop,  increases 
the  output  and  reduces  the  danger  of 
fire.  The  liability  of  injury  due  to  SOOt 
is  eliminated  and  the  temperature  oi  the 


able  with  this  outfit.  The  iron  is  mounted 
on  a  swinging  arm  or  bracket  over  the 
board,  the  latter  being  forced  up  against 
the  iron  by  a  foot  lever  so  that  the  iron 
need  not  be  lifted. 

One  of  the  most  important  fe 
connection  with  these  irons  is  the  auto- 
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matic  regulator  which  prevents  exces- 
sive heating  when  left  idle  with  the  cur- 
rent on.  This  reduces  the  cost  of  cur- 
rent supply  when  the  iron  Is  not  actually 
doing  service.  The  principal*  cause  of 
injury  to  irons  is  overheating,  and  the 
automatic   regulator  prevents  this. 

The  regulator  consists  of  a  stand  to 
receive  the  iron,  which  is  so  arranged 
that  the  current  supply  is  automatically 
cut  down  to  just  the  amount  necessary 
to  keep  the  iron  at  the  working  temper- 
ature, when  the  iron  rests  on  the  stand. 
When  it  is  removed  from  the  stand  re- 
sistance is  cut  out  of  the  circuit  so  that 
an  additional  supply  of  current  flows 
through  the  iron,  suffcient  to  supply  the 
additional    heat   required    for    operation. 


ELECTRICAL  METHOD  OF    ADMINISTER- 
ING   MEDICINE. 

Many  endeavors  have  been  made  in 
the  course  of  the  last  few  years  to  take 
advantage  of  scientific  methods  in  ap- 
plying medicine  to  the  human  body,  and 
Professor  Leduc  of  Nantes,  France,  has 
devised  a  novel  and  promising  process, 
which  allows  medicine  to  be  introduced 
externally  by  the  aid  of  electric  currents. 

This  process  is  based  on  the  principle 
that  the  curative  effects  of  medicine  are 
mainly  due  to  the  electrolytic  action  be- 
tween the  latter  and  the  humors  of  the 
body,  and  as  such  an  action  can  be  con- 
trolled more  effectually  by  the  aid  of 
electric  currents,  the  new  method  allows 
the  healing  virtues  of  medicine  to  be 
greatly  enhanced  and  regulated  at  will. 

To  illustrate  this  process,  some  wad- 
ding soaked  in  *a  solution  of  strychnine 
sulphate  was  applied  to  the  inside  surface 
of  the  ear  of  a  rabbit.  This  wadding,  aft- 
er having  been  covered  with  a  metal 
plate,  was  used  as  a  positive  electrode  to 
introduce  the  current,  while  a  solution 
of  sodium  chloride  serving  as  negative 
electrode  was  placed  on  another  part 
of  the  body.  When  a  current  of  suffi- 
cient strength  was  turned  on  the  animal 
was  seized  with  tetanic  convulsions,  rap- 
idly resulting  in  its  death.' 

Another  rabbit  was  subjected  to  a  sim- 
ilar electrification,  except  that  the  strych- 
nine solution  was  used  as  the  negative 
electrode,  and  the  sodium  chloride  as  the 
positive.  In  this  case  not  the  slightest 
inconvenience  resulted  to  the  rabbit. 


Penetration  of  the  "ions"  (or  electro- 
lytic components  of  the  molecule),  was 
illustrated  in  a  striking  manner,  by  us- 
ing solutions  of  potassium  permanganate 
as  electrodes,  applied  to  each  arm.  Aft- 
er the  passage  of  the  current  no  appreci- 
able change  is  noted  in  the  skin  of  the 
arm  through  which  the  current  has  en- 
tered, while  that  portion  of  the  arm 
serving  as  outlet  (or  as  negative  elec- 
trode) was  found  to  be  covered  with 
brownish  dots  impossible  to  remove  by 
washing,  the  particles  having  penetrated 
too  far  into  the  skin. 

Among  the  maladies  that  have  been 
treated  successfully  by  the  external  elec- 
trolytic application  of  medicine  should 
be  mentioned  sclerotic  deformations  of 
the  joints — which  are  found  to  disap- 
pear very  rapidly  after  the  application  of 
a  solution  of  sodium  chloride.  Neural- 
gia is  likewise  treated  successfully  by 
the  electrolytic,  application  of  a  salicyl 
solution,  the  pain  disappearing  with  re- 
markable rapidity.  Another  treatment 
consisting  of  brain  electrification  has 
been  found  successful  in  curing  neuras- 
thenia, as  well  as  many  other  affections 
of  the  spinal  cord.  Even  healthy  per- 
sons are  said  to  have  appreciated  bene- 
ficial effects  from  an  electrification  of 
their  brain,  experiencing  a  greater  ca- 
pacity for  mental  work.  A.  G. 
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Electrical  Contracting,  By  Louis 
J.  Auerbacher.  New  York:  McGraw 
Publishing  Co.,  1908.  155  pages  with 
225  illustrations.     Price  $2.00. 

Wiremen  and  contractors  will  find 
many  practical  hints  upon  the  latest 
methods  of  electrical  construction  in  this 
book.  Those  who  are  about  to  embark  in 
this  line  of  work  will  also  be  interested 
in  the  simple  system  of  bookkeeping 
which  is  outlined  and  in  the  many  sug- 
gestions offered  for  increasing  the  in- 
come of  the  business.  Reliable  informa- 
tion is  given  in  all  departments  of  elec- 
trical contracting  work,  including  such 
subjects  as  the  estimating  of  contract 
work,  wiring  exposed  circuits,  with 
wooden  moldings  and  flexible  and  iron 
conduit,  generators  and  switchboards, 
electric  signals,  special  lighting  devices, 
etc. 


TELEPONES  IN  A  DEPARTMENT  STORE. 


Every  hour  10,000  people  enter  the 
doors  of  Marshall  Field  &  Co/s  great  re- 
tail store  in  Chicago,  in  the  average  day. 
A  million  articles  of  merchandise  are  dis- 
played, involving  in  some  degree  almost 
every  process  of  manufacture  known  to 
human  ingenuity.  Such  a  store  is  the 
meeting  place  of  supply  and  demand,  and 
as  such  it  must  of  necessity  be  equipped 
with  every  modern  convenience  which 
will   increase   its  efficiency  in   supplying 


room,  the  largest  single  salesroom  in  the 
world.  The  main  aisle  is  385  feet  long, 
extended  straight  through  from  Wash- 
ington to  Randolph  streets.  The  State 
street  portion  of  the  building  is  12  stories 
high  with  219  feet  above  and  43  feet  be- 
low the  street  level.  On  the  floors  is  laid 
371,125  square  feet  of  Wilton  carpet. 
This  if  rolled  out  in  one  strip  would  reach 
31%  miles.  The  tea  and  grill  rooms  on 
the  seventh  floor  have  a  capacity  for  seat- 


TELEPHONE    SWITCHBOARD    IN    DEPARTMENT  STORE. 


the  public  with  the  necessities  and  lux- 
uries of  life. 

Few  of  the  people  who  daily  throng 
this  mammoth  establishment,  realize  that 
within  its  walls  is  a  telephone  system, 
complete  with  switchboard  and  operators, 
adequate  to  supply  the  needs  of  a  well 
developed  city  of  20,000  inhabitants, 
yet  such  is  the  case.  In  order  that  the 
reader  may  the  more  easily  comprehend 
the  necessity  for  such  an  equipment  and 
why  this  establishment  is  really  a  good 
sized  city  in  itself,  the  following  statistics 
will  be  helpful. 

The  gross  area  of  floor  space  on  the 
premises  is  1,523,017  square  feet — over 
35  acres — of  which  [32,000  square  feet 
is  occupied  by  the  great  basement   sales 


ing  2,500  people.  The  delivery  system 
utilizes  over  300  wagons  and  700  horses 
and  covers  a  territory  of  350  square 
miles. 

With  such  a  community  of  interests, 
therefore,  it  is  not  surprising  that  this  in- 
stitution can  utilize  a  private  branch  tele- 
phone exchange  which  would  serve  a 
good  sized  city. 

A  view  in  this  busy  exchange  is  shown 
in  the   illustration.     During  the  day    12 
operators  are  kept  busy  at   the   12  posi- 
tions on  the  switchboard.     The  first  two 
at  the  left  handle  the  incoming  call- 
that  is.  calls  from  patrons  and  others 
side  of  the  store.    These  calls  may 
as  high  as  10.000  or  15.1.^00  in  a  day.  The 
outgoing  calls   number   anywhere   from 
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2,500  to  4,500  a  day.  Connections  are  of 
course,  made  with  outside  parties  by 
trunk  lines  connecting-  with  the  regular 
exchanges  of  the  telephone  company. 

The  third  position  from  the  left  is  for 
handling  long-distance  calls  and  for 
switching  calls  from  the  lines  in  the  retail 
store  to  the  trunk  lines  which  lead  to  the 
company's  wholesale  store  several  blocks 
away.    There  are  14  of  these  trunk  lines. 

The  remaining  operators  at  the  board 
are  engaged  in  making  connections  be- 
tween the  various  departments  in  the 
store.  These  calls  originate  and  termin- 
ate within  the  store  and  consequently, 
are  not  transferred  to  the  telephone  com- 
pany's lines. 

Chief  among  the  advantages  which  ac- 
crue from  the  employment  of  the  private 
branch  exchange  are  greater  convenience 
to  patrons  and  increased  effiicency  in  car- 
rying on  the  business  within  the  store. 
Every  department  is  supplied  with  tele- 
phones which  are  accessible  to  the  sales 
persons.  These  sales  persons  become  in 
time  familiar  with  the  ideas  and  tastes  of 
many  of  the  people  with  whom  they 
come  in  contact  regularly,  so  much  so 
that  much  of  the  shopping  is  carried  on 
over  the  telephone.  Women,  particularly, 
utilize  the  telephone  to  do  their  buying, 
as  they  can  ocnveniently  call  up  their  fa- 
vorite sales  ladies  in  the  various  depart- 
ments, who  are  familiar  with  their  tastes 
and  whims,  and  who  can  pick  out  for 
them  the  materials  they  desire,  thereby 
saving  an  unnecessary  trip  down  town. 
Without  the  private  exchange  the  instal- 
lation of  telephones  so  profusely  in  all 
the  departments  through  outside  ex- 
changes would  mean  an  expense  that 
would  be  almost  prohibitive. 

In  transacting  business  between  the 
various  departments  of  the  store,  the  tele- 
phone system  has  become  indispensable. 
Before  its  inauguration  messengers  had 
to  be  spent  from  department  to  depart- 
ment, entailing  a  great  loss  of  time  in  an 
establishment  of  such  proportions.  With 
the  installation  of  a  few  private  tele- 
phones between  departments  and  with- 
out the  switchboard,  which  plan  was 
first  tried,  not  much  was  gained, 
for  the  called  party  could  perhaps 
not  be  located  and  even  when 
found,  might  need  to  walk  a  long 
distance  to   answer  the   call.     Now  all 


these  delays  are  done  away  with.  The 
manager  of  a  department  sits  in  his  office, 
a  telephone  is  at  his  elbow  by  which  he 
may  place  himself  in  instant  communica- 
tion with  anyone  in  his  department  or 
with  the  head  of  any  other  department  in 
the  building.  If  the  party  has  left  the 
vicinity  of  his  own  telephone,  he  may  be 
easily  located  by  the  elaborate  system  of 
communication,  and  brought  to  the  near- 
est telephone,  thereby  in  the  aggregate 
saving  hours  of  the  time  of  high-priced 
employes. 


HANDY  WIREMAN'S  SCREW  DRIVER. 

Wiremen  will  be  interested  in  the  handy 
screw  driver  shown  in  the  accompanying 
cut,  which  is  used  for  putting  up  porce- 
lain knobs.  By  a  turn  of  the  handle  the 
knob  and  screw  are  locked  together,  so 
that  it  is  impossible  for  the  driver  to  slip 


HANDY  WIREMAN'S   SCREW  DRIVER. 

out  until  the  knob  is  screwed  firmly  in 
place,  when  the  driver  automatically  re- 
leases itself.  Only  one  hand  is  required 
to  operate  the  driver  after  the  knob  and 
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screw  are  locked  together,  leaving  the 
other  hand  free.  The  device  can  also  be 
used  as  a  plain  screw  driver  when  so  de- 
sired. In  driving  the  screws  into  hard 
wood  the  screw  h^ads  are  not  injured. 


A  NEW  VARIABLE  SPEED  MOTOR. 

More  than  ordinary  interest  is  attached 
to  the  work  of  Austin  Kimble,  of  Chi- 
cago, who  under  adverse  circumstances 
succeeded  at  last  in  perfecting  a  prac- 
ticable variable  speed  motor  which  would 
operate  on  alternating  current  circuits 
and  in  which  the  current  consumed  would 
be  in  direct  proportion  to  the  speed.  This 
was  a  problem  which  had  puzzled  engi- 
neers for  many  years  although  it  had 
been  partially  solved  by  the  induction 
motor. 

Young  Kimble  was  a  stationary  engi- 
neer, but  like  many  who  are  of  a  me- 
chanical turn  of  mind,  he  could  not  let 
electricity  alone.  One  of  the  things  he 
was  told  when  he  first  began  to  experi- 
ment with  electricity  was  that,  outside  of 
the  direct  current  motor  which  is  con- 
trolled by  more  or  less  complicated  rheo- 
stats and  regulating  devices,  a  variable 


VARIABLE    SPEED    MOTOR    OPERATING 
PRINTING   PRESS. 

speed  motor  could  not  be  built.  He  be- 
lieved that  it  could,  however,  and  in  a 
small  barn  12  feet  square  he  set  out  to 
design  and  construct  a  motor  to  fill  the 
requirements,  and  in  addition  to  opera  I  e 
on  alternating  current  which  is  Furnished 
nearly  everywhere  except  in  the  most 
thickly  populated  parts  of  large  cities. 

The  first  machine  built  was  construct- 
ed out  of  the  remains  of  an  old  motor 
and  had  a  broom  stick   for  the  armature 


shaft.  This  machine  was  only  used  as 
an  experiment  in  working  out  the  design. 
The  next  machine  had  a  steel  shaft  and 
worked  very  well,  without  any  form  of 
speed  controller  which  had  hitherto  been 
necessary.  In  short,  it  was  a  success,  al- 
though it  cost  several  hundred  dollars. 
The  jeweler  who  bought  it  for  $20  to  run 
his  lathe  was  well  pleased  with  it,  and 
is  running  it  still.  When  another  motor 
neared  completion  a  customer  was  found 
for  it,  and  this  time  the  selling  price  was 
only  three  or  four  times  less  than  the 
cost.  Business  was  looking  up.  Gradu- 
ally,  however,    with    perfected    methods 


VARIABLE  SPEED  MOTOR  OPERATING  FAX 

and  larger  output  the  machine  became  a 
commercial  success. 

Speed  control  of  the  Kimble  motor  is 
obtained  simply  through  shifting  the 
brushes,  a  special  winding  of  the  arma- 
ture permitting  this  to  be  done  without 
loss  of  efficiency  or  variation  of  current 
between  high  and  low  speeds. 

The  illustrations  herewith  show  two 
applications  oi  the  motor.  One  is  driv- 
ing a  job  printing  press,  which  type  of 
machine  requires  frequent  starting  and 
stopping  and  very  close  speed  control. 
In  this  ease  the  brush  shifting  mechan- 
ism is  operated  by  a  foot  pedal,  the  pr 
man  thus  having  both  hands  free.  The 
other  view  shows  one  of  the  motors  di- 
rect connected  to  a  ventilating-  fan. 
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DEVELOPMENT  OF  THE  GRINDING 
MACHINE. 

Grinding  was  probably  the  first  proc- 
ess employed  by  man  in  shaping-  uten- 
sils and  weapons  to  his  needs.  A  stone 
to  rub  his  first  crude  tools  upon  served 
the  purpose  very  well,  no  doubt  for  many 
centuries.     As  his  mechanical  talents  de- 
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PRIMITIVE   GRINDSTONE    OF  THE  HINDOO. 

veloped,  however,  it  dawned  upon  him 
to  make  a  machine  which  would  acceler- 
ate the  movement  of  abrasive  surface, 
and  the  primitive  grind  stone  of  the  Hin- 
doo was  the  result.  This  was  a  great  im- 
provement, but  it  necessitated  the  con- 
stant reversal  of  the  wheel  and  besides 
it  was  rather  arduous  work  to  draw  the 
strap  back  and  forth,  so  a  crank  was 
substituted  for  the  strap  and  man  was 
aeain  satisfied   for  a  time.    Bat  he  was 


GRINDSTONE  DRIVEN  BY  DOG  POWER. 

not  content  to  do  the  work  himself,  so 
he  brought  other  power  into  service  and 
used  a  belt  for  transmitting  it  to  his 
grinding  wheel.  Dog  power,  water  pow- 
er, steam  power,  all  were  successively 
utilized,  but  the  grinding  machine  never 
reached  its  full  usefulness  until  electric 
power  came  into  general  use,  and  along 


with  it  the  wonderful  new  abrasive,  car- 
borundum. 

Xow  the  electric  grinding  machine  is 
almost  universally  employed  in  all  the 
large  machine  shops.  It  performs  a 
multitude  of  operations,  from  smoothing 
and  shaping  rough  castings  to  grinding 
down  the  most  carefully  made  machine 
parts  to  the  thousandth  of  an  inch. 

Electrically  driven  machines  are  con- 
venient to  arrange  and  to  locate  and  can 
be  placed  in  the  most  advantageous  posi- 
tion regardless  of  the  limitations  of  line 
shaft.  When  once  located,  power  is 
brought  by  means  of  small  wires  which 
can  be  supported  by  practically  any 
structure  and  carried  around  or  through 
obstructions  with  a  facility  undreamed 
of  where  power  is  transmitted  by  line 
shaft  and  belt. 

One  of  the  illustrations  shows  a  North- 
ern dust  proof  spherical  motor  operating 
a   disk   grinder,   used   principally   in   fin- 


MODERN  MOTOR  DRIVEN   GRINDER. 

ishing  flat  pieces.  The  machine  is  com- 
plete in  itself.  Xot  a  particle  of  the  met- 
allic dust  can  reach  the  interior  of  the 
motor  and  play  havoc  with  the  electri- 
cal connections  for  it  is  all  inclosed. 
Even  the  starting  box  is  located  in  a 
dust  tight  compartment  in  the  base. 
This,  however,  is  but  one  of  the  hun- 
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dreds  of  types  of  electric  grinders  now 
in  use.  To  say  that  it  is  an  improve- 
ment over  the  stone  rubbing-  process  of 
ages  past  in  hardly  necessary. 


AN  ELECTRIC    COMPANY'S   EMERGENCY 
FIRE  AUTOMOBILE. 

An  emergency  fire  wagon  has  recently 
been  placed  in  service  by  the  Los  An- 
geles Gas  and  Electric  Company,  as 
shown  in  the  accompanying  illustration, 
which  will  render  aid  to  the  local  fire  de- 
partment.   This  auto-fire-car  is  equipped 


WIRELESS  FROM  THE   WASHINGTON 
MONUMENT. 

A  plan  is  proposed  to  use  the  Wash- 
ington monument  temporarily  for  a  wire- 
less station  and  if  the  experiment  proves 
successful  to  erect  a  permament  tower  of 
the  necessary  height,  probably  about  the 
height  of  the  monument,  which  is  555 
feet.  The  plan,  if  carried  out,  will  revo- 
lutionize the  wireless  telegraph  and  cable 
business  of  the  government  and  will 
greatly  facilitate  communication  to  Eu- 
rope and  with  the  war  vessels.  The  value 


EMERGENCY     FIRE     AUTOMOBILE. 


with  a  30-horsepower  motor  and  carries 
on  the  rear  a  load  of  fire-fighting  para- 
phernalia. It  is  also  provided  with  a  hood 
to  protect  the  crew  from  the  flames,  also 
a  tank  of  oxygen  for  use  in  case  of  seri- 
ous accident,  so  that  firemen  who  are 
near  asphyxiation  may  be  resuscitated  by 
means  of  the  oxygen  gas  available.  This 
oxygen  tank  is  carried  on  the  side  of  the 
car  and  has  a  small  hose  attached  ready 
for  service. 

The  Los  Angeles  company  utilizes  this 
emergency  auto-car  for  quick  service  in 
case  there  is  anything  wrong  with  the 
gas  or  electric  service  at  the  premises  of 
their  patrons.  In  case  of  fire,  wires  can 
be  cut  quickly,  and  the  trained  gas  and 
electric  workman  arc  of  great  assistance 
to  the  fire  department  of  the  city  in  look- 
ing after  live  wires  and  gas  pipes  in 
burning  buildings. 


of  the  plan  in  war  time  would  be  incal- 
culable, if  it  can  be  worked,  as  the  bu- 
reau of  equipment  believes  it  can. 

MOTOR  OPERATED  VALVES. 

In  waterworks,  power  houses,  gas 
houses,  mines,  refrigerating  plants,  etc.. 
■there  are  many  valves  located  in  places  in 
the  intricate  pipe  systems  which  are  diffi- 
cult of  access.  The  valves  are  also  in 
some  cases  so  ponderous  as  to  require  a 
great  deal  of  time  and  hard  labor  to  open 
or  close  them  bv  hand.  Some  bright 
mind,  therefore  conceived  the  idea 
opening  and  closing  them  by  an  electric 
motor,  which  could  be  controlled  from 
any  point  in  the   plant. 

Klectrically     operated     valves  are.   in 
consequence,   a    feature   of   nearly    c\ 
Up-to-date  large  plant.     They  are  made 
in  sizes  ranging  from  a  few   inches  U] 
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five  feet  in  diameter.  The  motors  are 
controlled  by  special  reversible  control- 
lers, and  any  number  of  controllers  may 
be  supplied  to  operate  a  valve  from  any 
number  of  places  in  the  plant. 

In  an  electric  power  plant,  for  instance, 
controllers  for  all  the  main  valves  may 
be  located  at  the  switchboard.  The  elec- 
trical engineer  then  has  entire  control  of 
his  plant  from  one  point.  He  may  turn 
the  steam  on  in  any  section  of  the  plant, 


MOTOR  OPERATED  VALVE. 

starting,  stopping  and  reversing  the  mo- 
tor of  each  valve  at  will.  In  case  of  ac- 
cident he  can  control  the  emergency  stop 
of  any  engine.  If  a  steam  pipe  bursts, 
endangering  the  lives  of  the  men,  he  can 
instantly  cut  out  that  section  of  pipe. 
Without  the  distant  control  system  it 
might  be  half  an  hour  before  the  steam 
would  die  down  sufficiently  to  send  a 
man  up  to  close  the  valve  by  hand. 

The    illustration    herewith    shows    a 
Cra.:e  motor-operated  valve.    The  motor 


is  mounted  vertically  and  moves  the  valve 
gate  up  or  down  by  means  of  gearing. 
The  operation  may  be  performed  in  from 
10  to  60  seconds,  depending  on  the  size 
of  the  valve. 


OPERATING  DOORBELL  BY  110  VOLT 
CURRENT. 

The  most  satisfactory  way  to  operate  a 
door  bell  is  to  employ  the  no-volt  cur- 
rent from  the  electric  light  circuit  in  the 
house.  The  objections  to  batteries  are 
that  the  dry  cell  type  will  run  down  soon- 
er or  later  and  when  the  gravity  cell  type 
is  used  the  solution  will  evaporate  and 
require  replenishing  from  time  to  time, 
and  the  salts  in  the  solution,  will  also 
crystallize  and  form  a  deposit  all-over  the 
jar  and  on  the  shelf.  The  following  is  a 
means  by  which  the  lighting  current  may 
be  used. 

Secure  a  good  dry  oak  board  about  five 


110  Volt  Light/fig  Circuit 


push  Button 


OPERATING    DOOR    BELL    BY    110-VOLT 
CURRENT. 


by  eight  inches  and  fasten  the  bell  and 
a  lamp  socket  (L)  to  it  as  shown  in  the 
diagram.  Then  connect  up  as  indicated 
by  the  dotted  lines,  putting  the  wiring  on 
the  back  of  the  board  to  make  a  neat  job. 
From  the  binding  posts  (P)  and  (P1) 
connect  with  the  lighting  circuit  and  in- 
sert a  push  button  in  the  circuit  at  any 
point  desired; 

When  the  button  is  pushed,  the  current 
flows  through  the  circuit  and  rings  the 
bell.  In  doing  this,  however,  it  must 
pass  through  the  lamp,  the  high  resist- 
ance of  which  cuts  down  the  voltage  so 
that  the  bell  magnet  coils  will  not  be 
burned  out.  A  16  candle  power  lamp 
should  be  used.  Be  sure  also  to  tape  all 
joints  so  that  there  will  be  no  danger  of 
fire. 


ELECTRICAL  MEN  OF  THE  TIMES. 

KEMPSTER  B.   MILLER. 


No  branch  of  electrical  engineering  re- 
quires a  broader  knowledge  of  the  theo- 
ries of  electricity  or  more  resourcefulness 
in  their  application  than  telephone  engi- 
neering. The  telephone  engineer  deals 
with  comparatively  small  currents,  it  is 
true,  but  their  very  smallness  and  unruli- 
ness  add  to  the  difficulty  of  his  problem. 
One  of  the  men  who  understands  tele- 
phone currents  and  telephone  apparatus 
from  beginning  to  end  and  who  is  one  of 
the  foremost  authorities  in  this  field  is 
Kempster  B.  Miller  of  Chicago. 

Mr.  Miller  was  born 
in  Boston,  Mass.,  Au- 
gust 14,  1870,  and  re- 
ceived his  preparatory 
education  in  the  public 
schools  and  in  the  high 
schools  of  Washington, 
D.  C.  He  entered  Cor- 
nell University  in  1889, 
from  which  he  gradu- 
ated with  the  degree  of 
M.  E.  in  1893.  From 
that  time  until  1904  his 
experience  was  of  a 
varied  nature.  He  was 
successively  patent  ex- 
aminer in  the  United 
States  Patent  Office, 
practical  engineer,  text 
book  writer,  and  super- 
intendant  and  engineer 
in  a  large  telephone 
manufacturing  plant. 
In  1904  he  began  pro- 
fessional engineering 
and  expert  work  in 
partnership  with  Mr. 
Samuel     G.     McMeen. 

By  far  the  most  of  Mr.  Miller's  adult 
activity  has  been  in  connection  with  tele- 
phone and  similar  intelligence  transmis- 
sion interests,  and  inventions  resulting 
from  his  study  of  telephone  problems 
have  been  a  considerable  portion  of  his 
contribution  to  that  art.  Most  largely  his 
inventions  relate  to  telephone  equipment. 
particularly  central  office  switching  mech- 
anisms. 

Although  his  contributions  to  technical 
literature  have  been  numerous,  he  is  best 


known  among  readers  by  his  work 
"American  Telephone  Practice,"  which  is 
now  in  its  fourth  edition.  This  book  is 
considered  a  standard  work  on  telephony 
and  is  largely  used  as  a  text  book  in  col- 
leges as  well  as  by  practical  telephone 
men  the  world  over.  The  revision  re- 
sulting in  the  current  edition  brings  the 
volume  to  about  900  pages,  treating  on 
the  history  and  present  status  of  both  the 
science  and  the  art. 

During  several  years  past,  Mr.  Miller 
has  been  engaged  in  a  broad  study  of  the 
fire  alarm  telegraph 
system  of  the  city  of 
New  York,  which  city 
undoubtedly  presents 
the  most  enormous  fire 
hazard  of  any  city  in 
the  world.  This  work 
was  undertaken  by  Mr 
Miller  at  the  request  of 
the  New  York  Board 
of  Fire  Underwriters, 
because  of  the  desire  of 
that  body  and  of  the 
National  Board  of  Fire 
Underwriters  to  know 
whether  the  fire  alarm 
telegraph  system  then 
existing  was  of  a  type 
and  in  a  condition  to 
afford  an  adequate  pro- 
tection against  fire 
losses.  The  astounding 
conditions  unearthed 
by  Mr.  Miller  are  more 
or  less  familiar  to  the 
public  through  the 
press.  In  consequence 
of  his  work  upon  the 
general  fire  alarm  problem.  Mr.  Miller 
was  retained  by  the  city  of  New  York  to 
prepare  for  it  a  complete  working  plan 
for  a  new  system  to  take  the  place  of  the 
present   tire  alarm  telegraph  system. 

The  firm  of  McMeen  &  Miller  is  now 
engaged  in  engineering  and  constructing 
a    new   telephone   system    tor  the  cin 
San  Francisco  ami  the  neighboring  gi 
of  cities  around  San  Francisco  Bay,  This 
is  probably  the  largest  piece  of  Endepen 
cut  telephone  construction  10  Jate. 


IN  TH& 


HOUSEHOLD 


SANITARY  REFRIGERATION  FOR  THE  HOME. 


Sanitary  authorities  and  physicians 
agree  that  disease  germs  are  not  ex- 
terminated by  freezing,  and  that  ice  may 
contain  and  convey  dangerous  disease 
germs  found  in  reservoir,  lake  or  other 
water.  All  natural  ice  is  only  as 
pure  as  the  water  from  which  it 
is  frozen,  and  few  harvesters  of  ice  ever 


over,  no  such  refrigerator  can  be  made 
to  show  a  lower  temperature  than  50  de- 
grees which  is  not  cold  enough  to  pre- 
serve any  article  of  food.  Beef  requires 
from  36  to  40  degrees  of  cold  for  its  per- 
fect preservation  while  pork  and  lamb  or 
mutton  require  from  29  to  36  degrees. 
Butter  and  eggs  call  for  from  32  to  38 


HOUSEHOLD   REFRIGERATING  PLANT. 


analyze  the  water  from  which  they  gath- 
er their  winter's  crop.  It  follows,  there- 
fore, that  no  refrigerator  that  depends 
upon  the  cold  produced  by  melting  ice 
for  food  preservation  can  be  at  all  sani- 
tary. First  of  all  the  air  in  such  a  re- 
frigerator is  certain  to  be  damp.  More- 


degrees — while  poultry  and  fish  need  25 
to  30  degrees.  Oysters  require  33  to  45 
degrees.  Vegetables  34  to  40  degrees. 
Canned  goods  38  to  40  degrees  and 
fruits  32  to  36  degrees.  Under  the  lowest 
temperature  possible  to  obtain  in  an  ordi- 
nary   refrigerator    (50   to   60    degrees) 
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food  naturally  will  not  spoil  as  quickly  or 
rapidly  as.  it  will  when  exposed  to  the 
kitchen  heat,  but  it  is  steadily  and  surely 
undergoing   decomposition. 

Most  of  us  are  aware  that  nowadays 
ice  may  be  manufactured  on  a  large  scale 
as  well  in  the  torrid  heat  of  August  as  in 
the  chill  days  of  December.  But  com- 
paratively few  know  that  there  are  now 
obtainable  small  refrigerating  plants  of 
a  size  suitable  for  the  home,  which,  in  ad- 
dition to  keeping  the  refrigerator  cabinet 
at  any  desired  temperature,  even  below 
the  freezing  point,  will  also  manufacture 
from  10  to  20  pounds  of  hygienic  ice  per 
day,  for  drinking  purposes  and  for  the 
sick  room. 

Such  a  machine,  the  Brunswick,  is 
shown  in  the  cut.  It  is  operated  by  a 
half  horsepower  electric  motor  which 
drives  the  ammonia  compressor,  and  all 
that  is  necessary  is  to  close  the  switch 
in  the  morning  and  keep  the  plant  run- 
ning during  the  day  time  only.  The 
motor  is  small  and  the  cost  of  power  in- 
significant when  the  elimination  of  ice 
bills  and  the  sanitary  results  obtained  are 
taken  into  consideration.  The  machine 
shown  has  a  refrigerating  capacitv  equal 
to  the  melting  of  200  pounds  of  ice  per 
day. 

Like  all  artificial  ice  machines, 
this  machine  is  based  on  the  prin- 
ciple that  the  re-expansion  of  a 
gas'  which  has  been  compressed  and 
liquified  produces  cold.  The  best  gas  for 
this  purpose  is  ammonia  gas.  This  is 
compressed  by  the  motor  driven  com- 
pressor to  the  liquid  state,  then  pumped 
t'hrou.o-h  the  refrigerator  pipes  where  it 
expands.  In  the  process  of  expanding 
back  into  the  gaseous  stite  heat  must  be 
absorbed,  as  heat  is  absorbed  in  changing 
water  to  steam.  This  heat  is  taken  from 
the  inside  of  the  cabinet,  leaving  the  in- 
terior extremely  cold.  The  cold  is  a  dry 
cold,  however,  for  no  ice  or  liquid  is 
necessary  inside  the  cabinet. 


SANITATION  BY  ELECTRICITY. 

Sanitation  by  electricity  is  the  latest 
London  idea.  Hie  process  is  simplicity 
itself,  consisting  of  the  passage  of  an 
electric  current  through  sea  water.  As 
is  well  known,  the  fundamental  constit- 
uents of  sea  water  are  the  chlorides  of 
sodium  and  magnesium.     When  an  dec 


trie  current  of  sufficient  intensity  is  pass- 
ed through  this  solution  there  is  formed 
a  hypochlorite  possessing  a  high  disin- 
fecting value. 

According  to  Dr.  Klein,  the  eminent 
bacterioloigst,  the  hypochlorites  are  ex- 
ceedingly powerful  disinfecting  agents, 
whether  used  in  the  presence  of  sewage 
or  other  organic  matter. 


MOTOR  POWER  FOR  THE  WASHING- 
MACHINE. 

An  easy  and  satisfactory  method  of 
attaching  a  motor  to  .  ordinary  makes 
of  washing  machines  is  shown  in  the  cut 
herewith,  but  it  will  doubtless  often  re- 
quire some  mechanical  ingenuity  on  the 
part  of  the  person,  making  the  installa- 
tion, if  entirely  satisfactory  results  are 
procured.  Wherever  it  is  possible  to  do 
so,  the  motor  should  be  placed  on  a  level 
with   or   higher  than   the   pulley  of   the 
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WASHING     MACHINE     AXP     MOTOR. 

washing  machine,  where  it  will  he  out  of 
the  way  of  dirt  and  water. 

For  operating  the  common  mak 
rotary  washing  machines,  which  should 
revolve  at  a  speed  of  about  75  revolutions 
a  minute  a  special  motor  is  not  necess 
Any  motor  ot"  the  proper  capacity  (about 
1-10  horsepower)  will  do  the  work.  The 
motor  should  have  a  speed  of  about  1,200 
revolutions  a  minute  and  should  he  pro- 
vided with  a  smail  pullev  so  that  the  nee- 
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essary  reduction  may  be  made  by  a  belt  to 
the  driving-  wheel  of  the  washing  ma- 
chine. 

The  cost  of  operating  washing  ma- 
chines by  motors  is  almost  nominal.  The 
amount  of  current  actually  consumed  by 
these  motors  will,  of  course,  vary  with 
the  work,  and  will  also  depend  on  the 
make  of  washing  machine,  the  condition 
of  its  bearings,  and  the  consequent  load 


imposed  on  the  motor.  It  is  probably 
safe  to  say  that  the  consumption  of  cur- 
rent by  one  of  these  motors  operating  the 
average  washing  machine  will  be  ap- 
proximately 150  watts  per  hour.  On 
this  basis  the  cost  of  operating  the  outfit 
with  current  charged  for  at  the  rate  of 
10  cents  per  kilowatt  hour  would  be  less 
than  two  cents  per  hour  of  steady  opera- 
tion. 


A  PORTABLE  ELECTRIC  RADIATOR. 

The  luminous  electric  radiator  is  now 
classed  among  the  necessities  of  the  mod- 
ern home  and  is  manufactured  in  a  va- 
riety of  forms,  all  of  which  are  based  on 


the  radiator  but  provides  terminals  for 
plugging  in  the  cords  from  other  elec- 
trical devices,  such  as  the  sewing  ma- 
chine motor,  chafing  dish,  electric  fan, 
etc.,  thereby  serving  a  double  purpose. 


PORTABLE    ELECTRIC    RADIATOR. 


the  principle  of  the  electric  glow  lamp. 
The  portable  type  here  illustrated  pos- 
sesses the  advantage  that  it  may  be  placed 
anywhere  in  the  room.  As  will  be  seen 
in  the  picture,  the  incandescent  bulbs  or 
tubes  are  mounted  on  an  ornamental 
base,  which  is  provided  with  a  handle  for 
carrying  it  from  place  to  place.  Current 
is  carried  into  the  base  by  a  lamp  cord 
and  plug.  The  circuit  is  there  branched 
out  and  not  only  supplies  the  lamps  of 


LIGHTING    CURREaT    NOT   DANGEROUS. 

There  is  no  reason  to  be  afraid  of  the 
ordinary  incandescent  lighting  circuit 
such  as  is  used  in  houses  illuminated  with 
electricity.  This  circuit  ranges  in  voltage 
or  pressure  from  no  to  118  volts.  In- 
candescent lighting  current  is  not  at  all 
dangerous.  If  a  person  should  pick  up 
the  naked  wires  of  such  a  circuit  with  his 
bare  hands  he  would  get  but  a  trifling 
shock,  if  his  hands  were  reasonably  dry. 


Copyright    by    the    National    Photograph    Company.    Chicago. 
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HOW  TO  CATCH  A  CHICKEN  THIEF. 

Here  is  a  simple  electric  alarm  which 
in  two  instances,  at  least,  has  frustrated 
the  designs  of  chicken  thieves.  One  of 
the  faults  of  most  burglar  alarms  is  that 
the  wires  are  readily  perceived  by  the 
thief  and  cut,  so  as  to  break  the  circuit. 
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CHICKEN    THIEF   ALARM. 

In  this  system,  cutting  of  the  wire  closes 
the  circuit. 

In  the  window,  as  shown,  is  a  wire 
netting,  only,  and  simply  cutting  the 
wires  seems  to  the  thief  to  be  the  easiest 
method  of  gaining  entrance.  From  the 
wire  netting  a  single  wire  is  stretched 
tightly  to  a  coiled  spring  which  carries 
two  contact  points.  If  the  wire  be  loos- 
ened, or  stretched  tighter,  one  of  these 
contact  points  will  close  the  circuit 
around  through  the  battery  and  buzzer, 
the  latter  being  located  in  the  house. 

When  Mr.  Chicken  Thief  comes  along 
and  cuts  the  wire  netting  the  tension  on 
the  spring  is  relieved  and  the  circuit  is 
closed,  giving  the  alarm.  Perhaps,  how- 
ever, he  is  a  smart  one  and  on  the 
lookout  for  electric  alarms.  So  when  he 
sees  the  wire  attached  to  the  screen  he 
thinks  it  is  one  wire  of  a  circuit  and 
by  cutting  it  he  will  put  the  alarm  out 
of  service.     This  he  does,  with  the  re- 


sult that  he  gets  himself  into  the  same 
trouble  that  he  would  if  he  had  cut  the 
screen  without  noticing  the  wire.  Then 
it  is  the  watchdog  or  the  shotgun  for 
him.  Walter  Hadlock. 


A  SIMPLE  TRANSFORMER. 

The  common  use  of  alternating  current 
for  lighting  purposes  renders  it  an  easy 
matter  for  the  experimenter,  provided 
with  a  small  transformer  of  proper  de- 
sign, to  "step  down"  the  usual  ioo  to 
no  volts  of  the  supply  current  to  a  pres- 
sure more  suitable  for  operating  small 
lamps,  experimental  apparatus,  or  even 
the  small  direct  current  motors  furnished 
with  toy  electric  cars,  etc.  Such  a  trans- 
former is  readily  made. 

A  core  is  first  built  up  of  soft  iron 
wire  of  any  convenient  gauge,   say  be- 
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FIG. 


tween  No.  16  and  No.  24.  The  wire  is 
cut  into  10^-inch  lengths,  and  formed 
into  a  bundle  1%  inches  in  diameter, 
which  is  wrapped  with  thread  to  hold  it 
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in  shape.  Two  washers,  or  spool  heads, 
are  then  cut  out  of  %  inch  fiber,  2^ 
inches  in  diameter,  with  a  1*4  mcn  hole, 
as  shown  in  Fig.  1.  These  are  placed  on 
the  core  in  the  position  shown  by  Fig. 
2,  and  should  be  a  very  tight  fit.     The 


primary,  and  is  taped  and  covered  with 
shellac  in  the  same  manner. 

The  next  operation  is  forming  up  the 
core.  The  loose  ends  of  the  bundle  of 
iron  wires,  which  project  3^  inches  at 
each  end  of  the  coil,  are  bent  over  the 


gNRON  WIRE  CORE 


part  of  the  iron  core  between  these  heads 
must  be  carefully  insulated  with  three 
layers  of  tape,  a  few  turns  of  the  tape 
being  taken  around  the  core  just  outside 
of  each  head,  as  in  Fig.  2.  The  heads 
and  the  tape  are  now  treated  to  a  coat  of 
good  shellac  varnish,  and  baked  until  dry 
and  hard.  Care  must  be  taken,  however, 
to  get  no  shellac  between  the  wires  of 
the  core  ends. 

Winding  the  primary  is  the  next  step. 


outside  of  the  secondary  winding,  form- 
ing an  iron  wire  shell  surrounding  the 
whole  coil.  If  a  neat  job  is  made  of  this, 
the  ends  of  the  iron  wires  will  scarcely  be 
visible,  and  will  appear  continuous.  Three 
strips  of  tape  serve  to  bind  the  wires  in 
place.  This  is  illustrated  in  the  views 
of  the  finished  transformer  shown  in  Fig. 
3.  The  method  of  fastening  the  coil  to 
a  baseboard  with  a  brass  strap  is  also 
shown.      The    part    of    the    transformer 
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FIG      3. 


Use  No.  23  double  cotton  covered  wire, 
and  wind  it  tightly  on  the  core  between 
the  heads  until  1,000  turns  have  been  put 
on.  The  two  ends  of  the  wire,  left  about 
6  inches  long,  are  then  carefully  taped. 
The  whole  primary  winding  is  then  pro- 
tected with  three  layers  of  linen  tape, 
covered  with  shellac  and  baked. 

The  secondary  winding  consists  of  100 
turns  of  No.  13  double  cotton  covered 
wire.     This  is  wound   directly  over   the 


just  under  the  strap  should  have  an  in- 
sulating strip  of  tape  around  it. 

The  simplest  way  to  arrange  for  con- 
nection with  the  house  supply  is  to  obtain 
a  plug  to  tit  the  regular  lamp  sockets. 
and  solder  the  long  "cords'*  of  the  plug 
directly  to  the  ends  of  the  primary  wind- 
ing, afterward  thoroughly  taping  the 
soldered  joints.  However,  it  is  ad\ 
to  include  a  one  ampere  fuse  in  the  pri- 
mary   circuit,    in    which    case    two    lamp 
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sockets  are  mounted  on  the  baseboard — 
one  for  a  plug-  fuse,  the  other  for  con- 
nection with  the  supply.  One  end  of  the 
primary  winding  goes  direct  to  the  fuse ; 
the  other  end  goes  to  the  socket ;  and  the 
other  side  of  the  fuse  connects  to  the  oth- 
er side  of  the  socket.  With  this  arrange- 
ment two  plugs,  connected  by  long  cords, 
are  necessary  for  connection  with  the 
supply. 

The  secondary  winding,  being  of  low 
voltage,  connects  directly  to  two  binding 
posts  on  the  baseboard.  To  these  posts, 
of  course,  is  connected  any  apparatus  de- 
sired. 

It  will  be  noticed  that  the  relative  num- 
ber of  turns  of  wire  in  the  primary  and 
secondary  coils  is  10  to  1.  Assuming  the 
supply  voltage  to  be  approximately  100, 
the  voltage  at  the  secondary  binding 
posts  will  be  10,  which  is  convenient  for 
experimental  purposes.  And  conversely, 
as  the  allowable  primary  current  is  about 
]/2  ampere,  the  secondary  current  on  full 
load  will  be  5  amperes.  The  transformer 
will  consume  as  much  energy  as  one  ordi- 
nary 16  candle  power  incandescent  lamp. 

The  greatest  care  should  be  taken  to 
thoroughly  insulate  all  conductors  in  the 
100  volt  circuit,  and  no  metal  forming  a 
part  of  that  circuit  should  be  exposed. 

This  transformer  is  designed  for  60 
cycles,  because  that  frequency  is  com- 
monly  used.  For  25  cycles,  the  core 
should  be  1^4  inches  in  diameter.  For 
133  cycles,  it  should  be  one  inch.  The 
winding  in  each  case  would  be  the  same. 
Paul  H.  Woodruff. 


LEYDEN  JAR  MADE  FROM  A  FRUIT  JAR. 

Leyden  jars  are  necessary  in  many 
electrical  experiments  where  a  heavy 
spark  or  discharge  is  required,  as  in 
wireless  telegraph  work.  Here  is  a  way 
to  construct  one  out  of  an  ordinary  glass 
fruit  jar. 

A  thin  glass  fruit  jar  is  first  carefully 
washed  and  dried.  Paint  the  inside  with 
orange  shellac  and  cover  it  with  tinfoil 
at  once,  leaving  a  space  of  about  two 
inches  from  the  top,  which  is  not  covered 
with  tinfoil.  Now  smooth  the  tinfoil 
down  with  a  stick  covered  with  cloth. 
Care  must  be  taken  not  to  scratch  the 
tinfoil  with  the  finger  nails.  The  outside 
is  covered  in  the  same  way  and  the  space 
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FIG.   1.     LEYDEN  JAR  FROM  FRUIT  JAR. 

left  at  the  top  is  painted  with  shellac  to 
insure  perfect  insulation. 

A  brass  rod  with  a  small  ball  at  the 
end  is  soldered  to  the  top.     The  lower 
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FIG.  2.     METHOD  OF  CONNECTING  LEYDEN 
JARS. 

end  terminates  in  a  loose  chain  which 
just  touches  the  tinfoil.  Fig.  1  will  make 
this  clear. 

When  two  or  three  such  jars  are  con- 
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nected  to  the  secondary  of  a  spark  coil  as 
shown  in  Fig.  2  an  intense  spark  may  be 
obtained. 


TELEPHONE    DOES    DETECTIVE    WORK. 

About  two  o'clock  one  morning  in  a 
small  town  in  Pennsylvania,  the  night 
operator  at  the  telephone  exchange  clos- 
ed the  switch  to  her  night  bell,  prepara- 
tory to  taking  her  customary  nap  during 
the  early  hours  in  the  morning  when 
there  were  very  seldom  any  calls. 

She  had  scarcely  composed  herself 
when  "whir"  went  the  night  bell,  dis- 
playing at  the  same  time  the  signal  202. 
This  meant  that  someone  at  the  flour 
mill  was  calling. 

Now  in  a  small  town  the  operator  is 
generally  familiar  with  the  goings  and 
comings  of  most  of  the  subscribers,  and 
in  this  case  she  knew  that  no  one  was 
ever  at  the  flour  mill  at  this  time  of 
night. 

But  to  make  sure  she  "plugged  in" 
with  the  customary  "number  please?" 
There  was  no  answer,  however ;  nothing- 
could  be  heard  but  a  faint  buzzing  and  a 
faint  "clink,  clink,"  like  a  hammer  ring- 
ing on  a  piece  of  steel. 

Still  the  bell  kept  on  ringing,  and 
the  quick-witted  operator  knew  that 
something  must  be  wrong  at  the  mill. 
So  she  rang  up  the  police  station  and 
also  the  owner  of  the  mill.  The  latter 
was  considerably  agitated  when  the  sit- 
uation was  explained  to  him,  and  s?id 
that  anyone  in  the  mill  office  at  that 
time  of  night  had  no  business  there. 

As  he  had  placed  a  considerable  sum 
of  money  in  the  safe  the  evening  be- 
fore, it  did  not  take  him  Ion"'  to  get 
into  his  clothes  and  down  to  the  office. 
He  was  just  in  time  to  sec  two  seedy 
looking  individuals  with  handcuff  at- 
tachments emerging  from  the  building, 
each  escorted  by  a  policeman. 

The  burglars,  for  such  they  turned 
out  to  be,  had  effected  an  entrance 
through  a  coal  hole  in  the  sidewalk, 
and  had  entered  the  office  by  removing 
a  few  loose  boards  in  the  floor,  thus 
carefully  avoiding  the  burglar  alarms 
with  which  they  knew  all  the  doors 
and  windows  were  provided. 

One  o\  them  had  been  busily  en- 
gaged   in    drilling   a    hole    into   the    door 


of  the  safe  when  the  other,  in  endeav- 
oring to  assist  him,  had  inadvertently 
upset  the  desk  telephone  which  stood 
on  the  desk  at  their  side.  Of  course, 
as  soon  as  the  receiver  fell  off  the 
hook,  the  signal  was  given  to  central  and 
the  developments  which  landed  the  cul- 
prits in  the  hands  of  the  law  followed 
in  rapid  succession  as  just  described. 

The  burglars  who  stood  high  in  the 
profession  and  had  been  uniformly  suc- 
cessful in  carrying  out  numerous  robber- 
ies in  that  vicinity  were  very  much  cha- 
grined that  they  should,  be  captured  in 
such  a  simple  and  unexpected  manner. 


OPERATING  BATTERY  MOTOR  FROM  110 
VOLT  ALTERNATING  CURRENT. 

The  amateur  electrician  who  desires  to 
run  his  battery  motor  of  one  to  20  volts 
direct  current  on  a  circuit  of  104  to  no 
volts  alternating  current,  will  find  the  fol- 
lowing method  available : 

Connect  up  as  in  the  diagram.  When 
slow  speed  is  required  for  the  mot°r.  turn 
on  about  two  or  three  lamps ;  when  a 
higher  speed  is  required,  turn  on  more 
lamps.  If  the  voltage  of  the  supply  i^ 
between  90  and  130  volts  the  results  will 
be  astonishing. 

When  it  is  desired  to  stop  the  motor 
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for  any  reason;  leave  the  lamps  burning 
and  close  the  single  pole  switch  which  is 
connected  in  parallel  with  the  motor.    Or 

if  the  whole  outfit  is  to  he  control  . 
one  point,  use  the  main  switch. 


QUESTIONS  AND  ANSWERS. 

Readers  of  Popular  Electricity  are  invited  to  make  free  use  of  this  department. 
Knowledge  on  any  subject  is  gained  by  asking  questions,  and  nearly  every  one  has  some 
question  he  would  like  to  ask  concerning  electricity.  These  questions  and  answers  will  be 
of  interest  and  benefit  to  many  besides  the  one  directly  concerned.  No  consideration 
will  be  given  to  communications  that  do  not  contain  the  full  name  and  address  of  the 
writer. 


CHARGING  LEYDEN  JARS. 

Questions. —  (A)  What  is  the  best  way  to 
charge  Leyden  jars?  (B)  How  may  the 
strongest  charge  be  obtained? — H.  M.  D.,  Kan- 
sas   City,    Mo. 

Answers. —  (A) — Leyden  jars  can  be 
charged  by  either  the  spark  coil  or  static 
machine. 

(B) — The  strongest  charge  can  be 
obtained  with  the  static  machine  by  con- 
necting the  outside  coating  of  the  jar  to 
one  pole  of  the  static  machine,  the  next 
pole  terminating  %  or  ^2  inch  from  the 
collecting  ball  which  is  connected  to  the 
inside  coating.  Run  the  static  machine 
and  allow  the  spark  to  play  across  the 
air  gap  for  a  few  seconds  and  discharge 
with  the  discharging  tongs.  By  charg- 
ing and  discharging  you  can  soon  deter- 
mine when  the  best  charge  has  been 
reached. 

TELEPHONE  LINE;  SPARK  COIL  FOR 
WIRELESS. 

Questions. —  (A)  I  would  like  to  know  if 
two  telephone  receivers  can  be  connected  with 
batter}',  and  conversation  held  up  to  200  feet. 
If  so  show  diagram.  (B)  What  would  be  the 
best  dimensions  for  a  one-inch  spark  coil  for 
wireless   work? — A  reader,   Seattle,   Wash. 

Answers. —  (A)  — Two  telephone  re- 
ceivers can  be  connected  in  series  and 
conversation  held  up  to  possibly  200  feet, 
as    shown    in    the    diagram.     This   plan, 


a* 


however,  is  not  recommended  as  at  the 
best  very  poor  results  are  obtained.  No 
battery  is  necessary  as  the  ferrotype 
diaphragm  which  rests  over  the  end  of 
the  permanent  magnet  and  winding,  vi- 
brates when  spoken  against,  inducing  a 


current  in  the  winding  which  flows  over 
the  line  wire  to  the  receiver  at  the  other 
end. 

(B) — No  special  dimensions  can  be 
followed  to  get  an  exact  spark  length  in  a 
coil  so  small,  and  the  general  rule  is  to 
"cut  and  try,"  the  resultant  usually  be- 
ing in  the  neighborhood  of  the  desired 
length.  The  dimensions  of  a  coil  that 
will  give  an  approximate  spark  of  one 
inch  are  as  follows :  Core  No.  22  soft 
iron  wires  formed  into  a  bundle  one  inch 
in  diameter  and  seven  inches  long;  pri- 
mary two  layers  No.  16  double  cotton 
covered  magnet  wire  wound  to  within 
one-half  of  each  end  of  the  core;  insulat- 
ing tube  of  hard  rubber  one-sixteenth 
inch  thick;  secondary  one  pound  No.  36 
double  silk  covered  magnet  wire  wound 
in  eight  sections.  Condensor  24,  five  by 
six  inch  sheets  of  foil. 


SENDING  DISTANCE  OF  SPARK  COILS. 

Questions. —  (A)  Will  a  20  ohm  instrument 
work  on  a  wireless  system  15  miles  long? 
(B)  How  far  will  a  five  ohm  instrument 
work?  (C)  Would  a  ^-inch  spark  coil  send 
15  miles?  If  not  what  size  would?  (D)  How 
far  would  a  one-inch  spark  coil  send?  (E) 
Please  give  description  of  a  coil  winder? — 
C.  R.   B.,  Chicago,  111. 

Answers. —  (A) — The  meaning  of  your 
questions  is  not  exactly  clear.  However, 
the  20-ohm  instrument,  relay  or  sounder 
will  not  work  on  the  15-mile  wireless  set. 
A  very  sensitive  polarized  relay  used  in 
conjunction  with  the  coherer  would  be 
required  to  cover  this  distance. 

(B) — A  five-ohm  relay,  if  this  is  the 
instrument  you  have  in  mind,  would  only 
work  a  few  feet  if  at  all.  If  it  is  a 
sounder,  we  refer  you  to  an  article  in 
this  issue  on  "Construction  of  a  Two- 
Mile  Wireless  Outfit." 

(C) — By  using  a  very  sensitive  re- 
ceiving end  you  could  possibly  send  up 
to  100  feet  with  the  one-fourth  inch  spark 
coil.  To  cover  a  distance  of  15  miles, 
fully  a  six-inch  spark  coil  would  be 
necessary.  It  would  be  advisable  to  use 
a  250  watt  transformer  which  is  cheaper 
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in  first  cost  and  more  easily  handled  than 
the  spark  coil. 

(D) — The  one-inch  spark  coil  will 
send  up  to  a  distance  of  one  mile  over 
water.  One-half  mile  would  be  a  good 
distance  over  land. 

(E) — Coil  winding-  machines  are  usu- 
ally built  up  according  to  the  special  de- 
mands of  the  winder.  The  turning  lathe 
is  the  most  efficient  winding  device  in  the 
reach  of  the  amateur.  An  old  sewing 
machine  answers  well  as  the  gear  gives 
a  good  steady  speed  while  the  section 
former  can  be  placed  at  the  small  wheel. 

TUNING   COIL;  CONDENSER;  CHOKE 
COIL. 

Questions. —  (A")  Please  explain  how  to 
make  a  condensor.  (B)  How  to  make  a  tun- 
ing coil.  (C)  What  is  choke  coil  and  what 
is  it  used  for?— L.  R.,  Madison,  111. 

Answers. —  (A) — In  your  question  you 
do  not  state  what  type  or  for  what  pur- 
pose the  condenser  is  to  be  used,  conse- 
quently we  are  at  loss  to  give  you  an  in- 
telligent answer.  However,  we  refer  you 
to  an  article  in  this  issue  on  the  "Con- 
struction of  a  Two-Mile  Wireless  Out- 
fit," which  explains  the  construction  of  a 
paper  type  condenser. 

(B) — By  referring  to  the  article 
"Wireless  Telegraphy  Made  Simple,"  in 
the  July  issue,  you  will  find  a  description 
of  the  tuning  coil  and  the  method  of  ad- 
justing for  use. 

(C) — The  choke  coil  is  simply  a  re- 
tardance  or  resistance  coil  and  is  intro- 
duced in  the  circuit  between  the  relay 
and  coherer.  Its  purpose  is  to  prevent 
the  incoming  wave  current  from  flowing 
through  the  low  resistance  relay  in  place 
of  the  high  resistance  coherer.  By 
forcing  the  major  part  of  the  wave  cur- 
rent through  the  coherer  increased  re- 
sults are  obtained. 

WIRELESS  SENDING  END. 

Questions. —  (A)  What  size  spark  coil  would 
be  required  to  send  up  to  a  distance  of  100 
miles  over  land  using  the  tuned  receiving  set 
and  liquid  coherer?  (B)  Can  step-up  trans- 
formers be  used  to  any  advantage? — j.  S.  1 1  , 
Maud,  Okla. 

Answers — (A) — To  cover  a  distance 
of  ioo  miles  over  land  would  require  the 
use  of  a  15  or  20-inch  spark  coil,  con- 
densers, tuning  coils,  etc.  The  transfor- 
mer is  now  used  almost  exclusively  for 
long  distance  work,  as  it   proves  more 


efficient  and  is   cheaper  than  the   spark 
coil. 

(B) — Step-up  transformers  are  em- 
ployed to  an  advantage  in  both  the  send- 
ing and  receiving  circuits.  Quite  a  num- 
ber of  systems  employ  such  transform- 
ers, among  the  most  prominent  is  the 
Stone  system. 


WIRELESS  TELEGRAPHY. 

Questions. — (A)  How  is  a  wireless  receiv- 
ing outfit  wired  with  a  tuning  coil?  (B) 
How  is  a  tuning  coil  made?  (C)  How  many 
ohms  resistance  is  necessary  in  a  relay  for 
wireless  work?  (D)  How  far  would  a  four- 
inch  spark  coil  send?  (E)  What  kind  of  a 
coherer  would  you  recommend  for  experimen- 
tal work?  (G)  How  would  you  make  a  con- 
denser to  use  with  a  tuning  coil?  (H)  How 
high  should  the  aerial  be  to  receive  100  miles? 
— L.   W,   Oakland,   Calif. 

Answers. —  (A) — We  refer  you  to 
"Wireless  Telegraphy  Made  Simple,"  in 
the  July  issue,  Fig.  18. 

(B) — See  above  article,  July  issue. 

(C) — This  will  depend  on  the  distance 
you  desire  to  cover.  For  ordinary  ex- 
perimental purposes  a  150-ohm  relay 
will  answer.  For  considerable  distances 
a  polarized  relay  is  recommended,  as  de- 
scribed in  the  July  issue,  page  188. 

(D) — It  is  impossible  to  give  the  dis- 
tance up  to  which  a  certain  sized  spark 
coil  will  send.  However,  as  an  estimate, 
a  four-inch  coil  is  capable  of  sending  up 
to  10  or  15  miles. 

(E) — Any  of  the  present  commercial 
types  will  answer  for  experimental  work. 

(F) — See  "Wireless  Telegraphy  Made 
Simple,"  July  issue,  pages  160  and  161. 

(G) — See  answer  to  G.  S.  in  this  is- 
sue. 


CONSTRUCTION  OF  WIRELESS   APPARA- 
TUS. 

Questions. —  (A)  What  instruments  are 
necessary  to  send  up  to  100  miles?1  ^R"1 
Please  explain  the  parts  of  a  four-inch  spark 
coil?  (C)  How  can  I  wind  a  watch  case  re- 
ceiver of  -.000  ohms  resistance  for  wireless 
use.  ami  what  size  wire  must  be  used?  t.P'1 
What  kind  of  aerial  must  be  employed  to  re- 
ceive up  to  100  miles? — G.  S.,  Muskogee, 
Okla. 

Answers. —  (A) — This  will  necessitate 
the  use  oi  a  750- watt  transformer  in  con- 
nection with  the  tuned  receiving  set. 

(B)-  -The  dimensions  of  a    four-inch 
spark    coil    are    as     follows :     C 
incites  in  diameter  and  seven  inches  long  : 
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primary  two  layers  No.  14  single  cotton 
covered  magnet  wire  wound  to  within 
one  inch  of  each  end  of  core ;  secondary 
4^  pounds  of  No.  34  magnet  wire  wound 
in  24  sections ;  condenser  2,400  sheets 
of  tinfoil.  The  above  coil  is  designed 
for  wireless  use.  By  referring  to  the  ar- 
ticle, ''Construction  of  a  Two-Mile  Wire- 
less^ Outfit,"  in  this  issue,  you  will  find 
the  method  of  constructing  a  two-inch 
coil  and  the  same  rules  will  apply  to  both 
sizes. 

(C) — Telephone  receivers  for  wireless 
use  are  usually  wound  with  Xo.  40  mag- 
net wire.  As  this  is  a  very  delicate  op- 
eration and  requires  special  machinery, 
we  would  recommend  that  you  apply  to 
the  concerns  that  make  up  such  receiv- 
ers. 

(D) — By  referring  to  the  August  is- 
sue. "Wireless  Telegraphy  Made  Sim- 
ple,'" you  will  find  several  types  of  aerials 
described  that  can  be  employed  with  a 
100-mile  wireless  set. 


TUNING  COIL. 

Question. — I  am  making  a  wireless  set  but 
am  having  some  trouble  in  the  tuning  coil. 
I  have  wound  an  iron  core  with  two  layers  of 
Xo.  14  insulated  wire  and  would  like  to  know 
if  this  will  answer? — W.  T.  E.,  Chicago.  111. 

Answer. — We  refer  you  to  "Wireless 
Telegraphy  Made  Simple,"  July  issue, 
which  gives  a  general  description  of  the 
tuning  coil.  The  type  you  have  sug- 
gested would  not  answer  at  all. 


WIRELESS  SET. 

Question. — What  instruments  are  necessary 
to  work  up  to  about  1%  miles?  What  will  be 
a  suitable  antenna?  What  tvpe  of  batteres 
are  best  to  use?— W.  M.  H..  Brooklyn.  X.  Y. 

Answer. — You  will  find  a  complete  set 
described  in  an  article  on  "Construction 
of  a  Two-Mile  Wireless  Outfit"  in  this 
issue,  which  is  capable  of  sending  up  to 
the  distance  you  name.  Storage  or  Edi- 
son cells  are  recommended  for  wireless 
use. 


PRIMARY  WINDING  OF  SPARK  COIL. 

Question. — In  making  a  two-inch  spark 
coil,  is  it  best  to  wind  only  two  layers,  or 
more  than  two,  for  the  primary?  How  can  I 
get  the  best  results — by  winding  two,  three 
or  four  layers  No.  12  or  Xo.  13  B.  S.  gauge 
wire? — C.  E.,  Chicago,  111. 

Answer. — In  theory  the  primary  and 
secondarv  windings  of  an  induction  coii 


should  contain  equal  quantities  of  wire. 
In  practice,  however,  two  advantages  are 
gained  by  reducing  the  number  of  turns 
of  primary  wire.  The  first  is  that  inas- 
much as  the  potential  of  the  secondary 
depends  on  the  relative  turns  of  the  two 
windings,  reducing  the  primary  turns  is 
equivalent  to  adding  secondary  turns — 
and  much  easier  and  cheaper.  Second, 
the  fewer  the  primary  turns,  the  lower 
the  self-induction  of  the  primary,  hence 
the  sharper  the  magnetic  impulses.  Two 
layers  of  wire,  excited  by  a  battery  of 
considerable  current  capacity,  will  give 
the  most  satisfactory  results. 


ELECTROSTATIC  MACHINES. 

Question. —  (A)  In  the  electrostatic  mq 
chine,  what  is  the  object  of  the  stationary 
plates,  and  what  are  they  connected  to?  (B) 
In  the  Toepler-Holtz  machine  are  the  station- 
ary plates  round,  and  of  the  same  size  as  the 
revolving  plates?  (C)  What  is  the  tinsel  of 
which  the  brushes  are  made?  (D)  What  is 
the  coating  of  lacquer  with  which  the  plates 
are  covered — what  is  its  object,  and  is  it  ap- 
plied to  all  the  plates?  (E)  What  are  the 
two  prime  conductors  connected  to?  (F) 
Which  is  the  simplest  in  construction — the 
Toepler-Holtz  or  the  non-frictional  machine? 
(G)  Will  a  galvanometer  act  the  same  on  a 
static  machine  as  en  a  steady  current?  (H) 
Would  a  machine  of  eight  to  12  plates  be  dan- 
gerous for  an  amateur  to  experiment  with  ? — 
5.  B.,  Kansas  City,  Mo. 

Answer. —  (A.)  Some  electrostatic  ma- 
chines have  no  stationary  plates — notably 
the  Wimshurst  machine.  The  stationary 
plate  of  the  Toepler-Holtz  machine  has 
coatings  of  foil,  which  act  somewhat 
similar  to  condenser  coatings,  and  are 
connected  to  two  arms,  which  extend  in 
front  of  the  revolving  plate,  and  are 
provided  with  tinsel  brushes. 

(B).  Toepler-Holtz  stationary  plates 
are  usually  round,  and  about  one-eighth 
larger  than  the  revolving  plates.  This  is 
not  arbitrary,  however,  and  the  stationary 
plate  may  be  square  with  the  same  re- 
sults. 

(C).  The  brushes  may  be  made  of 
strips  of  heavy  foil,  of  fine  wires,  or  of 
commercial  metal  tinsel. 

(D).  All  insulating  surfaces  of  any 
influence  machine  are  ordinarily  given  a 
thin  coat  of  the  best  shellac  varnish.  This 
prevents  the  accumulation  of  moisture 
which  the  unprotected  glass  would  gath- 
er. In  frictional  machines,  however,  the 
plate  is  often  left  uncoated. 

(E).     The    prime    conductors    of    a 
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Toepler-Holtz  machine  are  connected  to 
collectors,  which  are  simply  metal  arms 
provided  with  sharp  points,  which  face 
the  revolving-  plate  and  collect  its  elec- 
tricity. 

(F).  The  frictional  machine  is  the 
simplest  electrostatic  machine  employing 
a  revolving  plate. 

(G).  While  the  potential  of  an  elec- 
trostatic discharge  is  very  high,  very  lit- 
tle actual  current  passes,  and  the  actual 
time  of  its  passage  is  almost  infinites- 
imal. A  sensitive  galvanometer  will  in- 
dicate the  discharge  by  a  jerk  of  the 
needle,  but  will  show  no  -permanent  de- 
flection. 

(H).  An  influence  machine  with 
eight  to  12  plates  is  capable  of  charging 
a  large  condenser  or  battery  of  Leyden 
jars,  the  discharge  of  which  through  the 
body  would  be  painful,  if  not  dangerous. 
The  discharge  of  the  machine  itself 
would  not  be  dangerous,  and  such  ma- 
chines are  sale  if  the  operator  is  famil- 
iar with  their  operation,  and  exercises 
ordinary  caution. 


QUESTION  OF  MOTOR  OPERATION. 

Question. — I  have  a  motor  of  the  "vintage'' 
of  the  early  nineties  or  later  eighties,  bipolar, 
ring  armature,  wound  for  from  15  to  25  volts. 
I  would  like  to  know  the  size  of  wire  for  field 
and  armature  to  run  on  alternating  current, 
single  phase,  60  cycles.  The  dimensions  of  the 
magnet  core  are  V2  by  1%  by  4%  inches,  depth 
of  winding,  %  inch.  The  armature  core  is  % 
inch  wide,  5/16  inch  thick  and  4%  inches  di- 
ameter, depth  of  winding  5/16  inch.  The  mo- 
tor runs  fairly  well  with  20  lamps  in  parallel, 
in  series  with  it,  but  I  fear  it  is  not  very  eco- 
nomical. I  want  to  use  it  for  fan  and  to  run 
a  sewing  machine,  and  think  a  series  motor 
would  be  hotter  than  a  shunt.— T.  M.  G.,  De- 
troit, Mich. 

Answer. — You  do  not  give  the  voltage 
of  your  supply  current ;  but  assuming  it 
to  be  no  volts,  and  that  the  lamps  you 
are  using  for  resistance  are  16  candle- 
power,  you  are  taking  10  amperes  from 
the  line,  or  1,100  watts — more  than 
enough  to  drive  a  one-horsepower  motor. 
Even  figuring  on  the  current  actually 
consumed  by  the  motor,  10  amperes  .11 
say  25  volts,  you  should  obtain  a  quarter 
horsepower,  although  evidently  you  do 
not.  It  seems  from  your  description  thai 
the  form  o\  field  magnet  of  your  motor 
is  inefficient,  especially  on  alternating 
current,  the   field   core  being   rather  too 


long  and  thin. :  It  is  almost  impossible 
to  calculate  the  winding  for  so  small  a 
motor,  for  use  with  alternating-  current, 
with  any  degree  of  accuracy ;  and  even 
with  the  best  possible  winding  the  ma- 
chine will  eat  up  enough  extra  current  to 
pay  for  a  new  motor  in  a  short  time. 
However,  if  you  wish  to  try  the  experi- 
ment, the  simplest  method,  and  one 
which  avoids  entering  into  calculations 
the  result  of  which  would  be  question- 
able, is  to  gauge  the  size  of  wire  at  pres- 
ent on  the  machine  and  rewind  the  arma- 
ture and  field  with  wire  seven  sizes 
smaller.  You  do  not  say  whether  the 
motor  is  shunt  or  series  wound ;  but  if 
shunt,  it  may  be  changed  to  series  by 
winding  the  field  with  wire  three  sizes 
larger  than  that  used  on  the  armature. 
It  would  be  well  to  try  simply  rewinding 
the  armature,  and  use  the  present  field 
winding,  if  shunt,  as  a  series  field  for 
the  rewound  machine.  We  fear,  how- 
ever, that  the  motor  will  never  operate 
quite  satisfactorily  on  alternating  cur- 
rent. 


SHORT-CIRCUITING  OF    COHERERS— 
WIMSHURST  MACHINE. 

Question. —  (A)  Is  there  not  a  slight  short 
circuit  going  on  in  a  coherer  in  wireless  teleg- 
raphy, that  is,  the  battery  circuit  (Marconi 
system)  as  shown  in  the  May  issue?  (B)  Is 
there  any  way  to  overcome  this  slight  short 
circuit  if  there  be  any?  (C)  Is  there  any  de- 
vice to  make  the  spark  from  a  Wimhtirst 
static  machine  continuous? — W.  R..  Xew  York- 
City. 

Answers. —  (A  and  B).  In  the  met- 
al filings  coherer  described  there  is  prob- 
ably a  slight  current  flowing  in  the  in- 
tervals during  which  the  filings  are  not 
cohered.  But  the  resistance  oi  the  inert 
filings  is  so  high  that  this  current  is 
negligible. 

(O.  The  spark  from  a  Wimhurstor 
any  other  static  machine  cannot  be  made 
continuous  as  the  discharge  represents 
successive  ruptures  of  the  dielectric  and 
there  must  always  be  an  interval  of  time 
between  sparks  for  the  charge  t 
on  the  plates.  By  connecting  Leyden 
jars  to  the  terminals  the  sparks  may  be 
made  to  occur  so  close  together  that  the 
sparks  appear  to  the  eve  to  be  continu- 
ous and  the  discharge  is  almost  deafen- 
ing. 


NEW    ELECTRICAL    INVENTIONS 


TORPEDO  BOAT  ELECTRICALLY  PRO- 
PELLED AND  STEERED. 

An  ingenious  method  of  propelling  and 
steering  a  torpedo  boat  from  a  distant 
point  has  been  invented  by  Edward  J. 
Kelley  of  Washington,  D.  C.  The  inven- 
tion applies  to  that  form  of  boat  which 
carries  no  one  on  board  and  is  itself  de- 
stroyed by  the  explosion.  It  is  so  de- 
signed as  to  be  operated  at  night  and  be 
invisible  to  the  enemy  but  at  the  same 
time  to  signal  its  position  and  direction  of 


travel  to  the  operator  who  is  on  land  or 
ship  in  the  rear. 

The  boat  is  propelled  by  an  electric 
motor,  current  for  which  is  derived  from 
a  cable  which  is  unreeled  as  the  boat  pro- 
ceeds. The  direction  of  rotation  of  the 
motor  and  consequently  of  the  propellor 
is  determined  by  the  direction  of  flow  of 
the  current  through  the  cable. 

The  accompanying  diagram  shows  the 
scheme,  the  lower  right  hand  portion  be- 
ing a  plan  view. 

To  control  the  direction  a  second  mo- 
tor (17)  operates  the  rudder  by  the  worm 
gear  and  shaft  (14),  (15),  (10)  and 
(11).  This  motor  is  also  controllable 
from  the  land  by  an  electromagnet  de- 
vice and  turns  the  rudder  either  to  the 
right  or  to  the  left. 

Above  the  worm  gear,  and  operated 
by  it  (by  screw  18)  is  a  glass  slide  (24), 
(20),  made  up  of  different  colored  sec- 
tions. The  light  from  the  electric  lamp 
(22)   shines  through  this  slide  back  to- 


ward the  operator  but  is  screened  from 
the  front  of  the  boat  and  invisible  to  the 
enemy. 

If  the  motor  operating  the  rudder  re- 
volves in  a  certain  direction,  moving  the 
rudder  to  starboard,  for  instance,  the 
slide  is  moved  to  show  a  particular  color 
of  light.  If  the  rudder  is  moved  to  port, 
the  slide  moves  in  conjunction  and  anoth- 
er color  shows.  In  this  way  the  operator 
can  tell  instantly  the  position  of  the  rud- 
der and  the  direction  which  the  boat  is 
taking. 


ELECTRIC  AWNING[OPERATOR. 

The  accompanying  diagram  shows  a 
device  for  raising  an  awning  by  electric 
power  and  is  the  invention  of  Egisto  U. 
Giovannoni  of  New  York  City.  As  will 
be  noted  the  motor  shaft  carries  a  worm 
gear,  on  the  right,  which  operates  a 
drum  which  in  turn  raises  the  awning. 
At  the  left  is  another  worm  gear  which 


actuates  a  device  to  automatically  switch 
the  motor  out  of  circuit  when  the  awn- 
ing has  reached  a  predetermined  height. 
When  the  awning  is  to  be  lowered  the 
direction  of  the  current  through  the  ar- 
mature of  the  motor  is  reversed  and  the 
motor  revolves  in  the  opposite  direction. 
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A  SECRET  TELEPHONE. 

Orrin  H.  Goodrich,  of  Castleton  Corn- 
ers, N.  Y.,  has  invented  an  appliance  to 
be  used  with  any  telephone  whereby  the 
user  of  the  instrument  may  carry  on  a 


conversation  without  being-  overheard  by 
nearby  listeners.  This  device  consists  of 
a  sound-tight  case,  enclosing  the  instru- 
ment  as   shown  in  the  illustrations,   all 


except  an  oval  opening  in  front  of  the 
transmitter.  In  speaking  into  the  trans- 
mitter, the  mouth  is  placed  in  the  open- 
ing and  the  face  pressed  against  the  sides 
so  that  the  voice  cannot  be  heard  outside 
the  box.  The  receiver  hook  extends 
through  the  side  of  the  case  and  performs 
its  usual  function  of  opening  and  clos- 
ing the  circuit.  A  further  advantage  is 
that  the  instrument  is  protected  from 
dust  and  dirt. 


ELECTRIC   WATER  HEATER. 

Herbert  N.  Roche  of  San  Francisco. 
Cal.,  is  the  inventor  of  a  new  type  of 
electric  water  heater  which  will  heat 
water  almost  instantaneously  as  it  is 
drawn  from  the  pipe.  It  contains  an 
electric  heating  coil  inside  of  a  cylindri- 


cal casing,  the  water  flowing  around  the 
coil  before  passing  out  oi  the  spigot. 
The   device   is    SO   arranged    thai    C 
water  may  be   drawn    without   throwing 
the  heating  coil  into  circuit   it' 
When    the   heating  coil   is   in  circuit   the 
lamp  at    the  top  is  also   lighted  showing 
that  hot  water  is  on. 


THE  THEORIZERS'  CORNER. 

No  one  knows  what  electricity  really  is.  Neither  has  its  relation  to  visible  forms 
of  matter,  nor  to  other  manifestations  of  energy,  such  as  life,  light,  heat,  etc.,  been  fu'ly 
explained.  Nearly  everyone,  however,  has  a  theory  of  his  own  on  this  subject,  and  these 
theories  are  interesting.  Readers  of  Popular  Electricity  are  invited  to  make  free  use 
of  this  department  and  give  others  the  benefit  of  their  views. 


R.  S.  HEARD  FROM  AGAIN. 

Answering  F.  W.  S.  in  the  October 
issue,  which  answer  will  also  serve  oth- 
ers, I  will  say  that  I  account  for  the  ir- 
regularities of  the  surface  of  the  ether 
by  the  fact  that  different  degrees  of  heat 
and  cold  expand  and  contract  the  atmos- 
phere, thereby  creating  a  different  de- 
gree of  density  at  the  outer  surface. 
Thunder  and  lightning  are  caused  from 
the  fact  that  when  a  giant  arc  is  created 
it  jumps  across  the  vacuum,  viz.,  the 
least  resistance,  which  causes  a  noise 
(thunder)  the  same  as  when  one  breaks 
an  incandescent  lamp ;  the  air  rushes  in 
and  closes  up  the  vacuum. 

The  earth  passes  through  the  ether  the 
same  as  a  fish  passes  through  water.  I 
did  not  say  that  the  ether  is  a  solid. 
Neither  can  it  be  known  how  far  it  is 
from  the  earth  to  the  ether ;  no  one  can 
get  that  far  up.  I  cannot  see  where  it 
has  anything  to  do  with  the  question. 

Clouds  are  suposed  to  be  damp,  there- 
fore good  conductors  for  lightning. 

Answering  E.  H.  J.  in  the  October  is- 
sue :  He  states  that  "If  the  contracting  of 
the  atmosphere  caused  a  vacuum  and  the 
expanding  caused  thunder,  there  would 
be  a  continuous  roar  of  thunder  follow- 
ing the  snow  capped  mountains  around 
the  world."  This  might  be  true  if  the 
mountains  were  high  enough  to  puncture 
the  ether;  but  even  so,  there  is  more 
thunder  among  the  snow  capped  moun- 
tains in  the  world,  than  anywhere  else. 
How  does  E.  H.  J.  account  for  that  ? 

Who  knows  that  the  ether  is  not  as 
dense  as  the  atmosphere,  or  is  of  a  differ- 
ent substance?  If  it  intermingles  with 
our  atmosphere,  it  must  be  of  some  sub- 
stance. If  it  has  no  substance  then  all 
space  above  our  atmosphere  must  be  a 
vacuum,  which  would  cause  all  of  our 
atmosphere  to  be  sucked  into  infinite 
space  and  the  earth  would  disintegrate. 


Imagine  all  outer  space  a  vacuum  !  What 
a  puny  resistance  it  would  offer. 

R.  S. 


BEYOND  THE  SPECTRUM. 

Every  phenomenon  which  we  are  so 
far  capable  of  recognizing  is  a  form  of 
vibration.  The  lowest  form  is  sound — a 
few  slow,  heavy  oscillations  of  the  mole- 
cular structure.  Above  sound  there  is  an 
undiscovered  field,  until  .the  rate  of  vibra- 
tion rises  to  that  of  heat.  As  the  heat  in- 
creases, there  is  light.  At  first  the  dark 
red  glow  of  the  comparatively  slow  move- 
ment, then  rapidly  augmenting  through 
yellow,  green,  blue  and  violet.  As  vibra- 
tions increase  still  higher  the  light  van- 
ishes to  darkness,  silence,  cold — we  can 
sense  nothing  more,  though  the  molecular 
vibrations  mount  into  the  countless  tril- 
lions per  second. 

Yet  throughout  the  whole  range  of  vi- 
bratory phenomena,  like  a  chain  connect- 
ing all  there  is  of  science,  runs  the  prin- 
ciple of  electricity.  Sound,  heat,  light — 
all  are  but  manifestations  of  its  power. 
Through  the  darkness,  the  silence  and 
the  cold  of  those  upper  vibrations  which 
are  beyond  man's  ken  the  electric  princi- 
ple works  on  unchanged. 

The  X  ray  and  radio-activity,  however 
exhibited,  and  all  those  other  mysterious 
activities  which  have  been  discovered,  all 
are  but  reflections  of  those  higher  vibra- 
tions beyond  the  spectrum.  All  are  very 
evidently  electrical,  for  electricity  is  the 
father  of  all  physical  manifestation,  of 
matter,  of  the  universe  itself. 

The  discovery  of  electricity  is  compar- 
atively modern,  and  that  discovery  marks 
the  beginning  of  the  end — of  the  attain- 
ment of  that  ultimate  knowledge  which 
embraces  all  creation.  When  we  know 
electricity  we  shall  sense  the  whole  gamut 
of  vibratory  physics.  Then  there  can  be 
nothing  new  to  learn. 

B.  C.  W. 
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One  of  the  college  papers  was  struck  the 
other  day  with  the-need  of  getting  up  a  snappy 
appeal  to  subscribers.  The  result  was  the  fol- 
lowing: 

Once  upon  a  time  a  man  who  was  too  eco- 
nomical to  take  a  college  paper,  sent  his  little 
boy  to  borrow  the  copy  taken  by  his  neighbor. 
In  his  haste  the  boy  ran  over  a  $4  stand  of  bees 
and  in  ten  minutes  looked  like  a  watery  sum- 
mer squash. 

His  cries  reached  his  father,  who  ran  to  his 
assistance,  and  failing  to  see  a  barbed  wire 
fence,  ran  into  it,  breaking  it  down,  cutting  a 
handful  of  flesh  from  his  anatomy  and  ruining 
a  $4  pair  of  pants. 

The  old  cow  took  advantage  of  the  gap  in  the 
fence,  got  into  the  cornfield  and  killed  herself 
eating  green  corn.  Hearing  the  racket,  his  wife 
ran,  upsetting  a  four-gallon  churn  full  of  rich 
cream  into  a  basket  of  kittens,  drowning  the 
whole  flock.  In  her  hurry  she  dropped  a  $7  set 
of  teeth. 

The  baby,  left  alone,  crawled  through  the 
spilled  cream,  then  into  the  parlor,  and  ruined  a 
$20  carpet.  During  the  excitement  the  oldest 
daughter  ran  away  with  the  hired  man,  the 
calves  got  out  and  the  dog  broke  up  eleven 
setting   hens. 

Moral — Subscribe  now. 

*  *     * 

"Well,  Where's  that  cook?"  demanded  his 
wife.     "Don't  tell  me  she  wasn't  on  the  train." 

"She  was  on  the  train,"  timidily  explained  the 
commuter,  "but  I  got  to  playing  cards  and  a 
Lonelyville  man  won  her  at  whist." — Philadel- 
phia Bulletin. 

*  *     * 

"Halloa!"  shouted  one  boy  to  another  whom 
he  saw  running  wildly  down  the  street;  "are 
you    training  for  a   race?" 

"No!"  yelled  back  the  runner,  "I  am  racing 
for  a  train." 

*  *     * 

"Joe,"  said  a  lady  to  the  milk  boy,  "I  guess 
from  the  looks  of  your  milk  that  your  mother 
put   dirty  water  in   it." 

"No,  she  didn't,  neither,"  said  ,ine.  "I  seen 
her  draw  it  clean,   out  of  the  well." 

*  *     * 

Anderson  was  a  man  who  would  scarcely  ever 
commit  himself  on  any  subject,  especially  poli- 
tics. His  closest  friends  could  never  find  out 
whether  he  was  a  republican  or  democrat     One 

of  his  friends,  however,  determined  to  make 
a  last  effort  to  gather  this  Information,  so  he 
approached  Anderson,  as  he  thought,  very  dip- 
lomatically and  said:  "Anderson,  what  do  you 
think  of  Billy  Tat't  for  president?"  "O,  aye 
tank  lie  bin  good  man."  said  Anderson,  thought- 
fully. "Well,  then,  what  i\o  you  think  of  this 
man  Bryan?"  "Wo  bin  good  man.  too,"  said 
Anderson.      "Well,     honestly     now.     who     o\o     you 

think  has  the  best  show?"  said  his  friend.     An 
derson   scratched  his  head  deliberately  and  an- 
swered:     "Aye    tank    Ringling    Brudders    have 
best  show." 


A  young  man  in  want  of  $25  wrote  to  his  un- 
cle   as    follows: 

"Dear  Uncle:  If  you  could  see  how  I  blush 
for  shame  as  I  write  this,  you  would  pity  me. 
Why?  Because  I  have  to  ask  you  for  a  few 
dollars,  and  do  not  know  how  to  express  myself. 
It  is  impossible  for  me  to  tell  you.  I  prefer 
to  die.  I  send  this  by  messenger,  who  will 
wait  for  an  answer.  Believe,  me,  my  dearest 
uncle,  your  most  obedient  and  affectionate 
nephew. 

"P.  S.  Overcome  with  remorse  for  what  I 
have  written,  I  have  been  running  after  the 
messenger  in  order  to  recover  this  letter,  but  I 
cannot  catch  him.  Heaven  grant  that  some- 
thing may  stop  him  or  that  this  letter  may  get 
lost." 

The  uncle  was  naturally  touched,  but  was 
equal  to  the  emergency.  He  replied  as  fol- 
lows: 

"My  Dear  Jack:  Console  yourself  and  blush 
no  more.  Providence  has  heard  your  prayer. 
The  messenger  lost  your  letter.  Your  affection- 
ate uncle." — Judge's  Library. 

*  *  * 

A  machinery  salesman  drove  up  to  the  farm- 
er's gate  and,  no  one  else  being  in  sight,  he 
engaged  the  farmer's  small  boy  in  conversation. 
With  grave  incredulity  he  said: 

"Are  you  sure  you  are  only  nine  years  old? 
I  think  there  must  be  some  mistake." 

The  boy  was  positive;  but  to  make  sure,  he 
cal'ed: 

"Ma,  ain't  I  jist  nine  years  old?" 

"Yes.   son,"   came   fiom   the   kitchen. 

After  a  time  the  hoy  ventured:  "Say.  mis- 
ter, what  made  you  think  I  was  more  n  nine 
years  old?" 

"Why,"  said  the  stranger.  "I  couldn't  under- 
stand how  you  could  get  so  dirty  in  nine  years." 

*  *     * 

Pat — "What  be  yer  charge  for  a  funeral  notice 
in    yer  paper?" 

Editor-    "Half  a  crown  a   inch." 

Pat — "Good  heavens!  An'  me  poor  brother 
was   six   feet    high." 

*  *     # 

"What's  your  time?"  asked  the  old  farmer  of 
the  brisk   salesman. 

"Twenty  minutes  after  Ave.  What  can  1  do 
for  you?" 

"I    want     them    pants."    said    the    old     farmer, 
leading  the   way   to   the   window   and    pointing 
a  ticket  marked:   "Given  away  at  5.10." 

*  *     * 

Maud— "1  suppose  you  made  a  hit  with  that 
big  led   hat   in  the  country." 

Belle  "Hit!  1  should  say  so.  it  struck  the 
bull's  eye  the  very  first  time  I  were  it." 

*  •    * 

"Smithy,  did  you  steal  the  ice  cream  off  our 
back  porch  last  night  ?" 

"Wui  it  your  ice  cream?" 

"No.    it    was    mamma's. " 

"Well,    then    send    your   mamma    'round    te    I 
me.      I  don't  want   to  talk  to  no  understudies  " 


ELECTRICAL  DEFINITIONS, 


Accumulator. — Storage    battery. 

Alternating  Current. — That  form  of  electric 
cuirent  the  direction  of  flow  of  which  reverses 
a  given  number  of  times  per  second. 

Ammeter. — An  instrument  for  measuring  elec- 
tric   current. 

Ampere. — Unit  of  current.  It  is  the  quantity 
of  electricity  which  will  flow  through  a  resist- 
ance of  one  ohm  under  a  potential  of  one  volt. 

Ampere  Hour. — Quantity  of  electricity  passed 
by  a  current  of  one  ampere  flowing  for  one 
hour. 

Anode. — The  positive  terminal  in  a  broken 
metallic  circuit;  the  terminal  connected  to  the 
carbon  plate  of  a  battery. 

Armature. — That  part  of  a  dynamo  or  motor 
which  carries  the  wires  that  are  rotated  in  the 
magnetic  field. 

Branch  Conductor. — A  parallel  or  shunt  con- 
ductor. 

Brush. — The  collector  on  a  dynamo  or  motor 
which  slides  over  the  commutator  or  collector 
rings. 

Bus  Bars. — The  heavy  copper  bars  to  which 
dynamo  leads  are  connected  and  to  which  the 
out-going  lines,  measuring  instruments,  etc., 
are   connected. 

Buzzer. — An  electric  alarm  similar  to  an  elec- 
tric bell,  except  that  the  vibrating  member 
makes  a  buzzing  sound  instead  of  ringing  a  bell. 

Candle  Power. — Amount  of  light  given  off  by 
a  standard  candle.  The  legal  English  and 
standard  American  candle  is  a  sperm  candle 
burning  two   grains  a   minute. 

Capacity,  Electric. — Relative  ability  of  a  con- 
ductor or  system  to  retain  an  electric  charge. 

Charge. — The  quantity  of  electricity  present 
on  the  surface  of  a  body  or  conductor. 

Choking   Coil. — Coil   of  high   self -inductance. 

Circuit. — Conducting  path  for  electric  current. 

Circuit-breaker. — Apparatus  for  automatical- 
ly opening  a  circuit. 

Collector  Rings. — The  copper  rings  on  an  al- 
ternating current  dynamo  or  motor  which  are 
connected  to  the  armature  wires  and  over 
which   the   brushes   slide. 

Commutator. — A  device  for  changing  the  di- 
rection  of   electric  currents. 

Condenser. — Apparatus  for  storing  up  elec- 
trostatic charges. 

Cut-out. — Appliance  for  removing  any  appa- 
ratus  from    a    circuit. 

Cycle. — Full  period  of  alternation  of  an  alter- 
nating current  circuit. 

Diamagnetic. — Having  a  magnetic  permeabil- 
ity inferior  to  that   of  air. 

Dielectric. — A  non-conductor. 

Dimmer. — Resistance  device  for  regulating  the 
intensity  of  illumination  of  electric  incandescent 
lamps.     Used   largely  in   theaters. 

Direct  Current. — Current  flowing  continuously 
in  one  direction. 

Dry  Battery. — A  form  of  open  circuit  battery 
in  which  the  solutions  are  made  practically 
solid  by  addition  of  glue  jelly,  gelatinous  silica, 
etc. 

Electrode. — Terminal  of  an  open  electric  cir- 
cuit. 

Electromotive  Force. — Potential  difference 
causing  current  to  flow. 

Electrolysis.— Separation  of  a  chemical  com- 
pound into  its  elements  by  the  action  of  the 
electric    current. 

Electromagnet. — A  mass  of  iron  which  is 
magnetized  by  passage  of  current  through  a 
coil  of  wire  wound  around  the  mass  but  in- 
sulated therefrom. 

Electroscope. — Instrument  for  detecting  the 
presence  of   an   electric  charge. 

Farad. — Unit   of   electric   capacity. 

Feeder. — A  copper  lead  from  a  central  station 
to   some   center   of  distribution. 

Field  of  Force. — The  space  in  the  neighbor- 
hood of  an  attracting  or  repelling  mass  or 
system.  . 

puse. — a  short  prece  of  conducting  materral 
of  low  melting  point  which  is  inserted  in  a 
circuit  and  which  will  melt  and  open  the  cir- 
cuit when  the  current  reaches  a  certain  value. 


Galvanometer. — Instrument  for  measuring 
current   strength. 

Generator. — A    dynamo. 

Inductance. — The  property  of  an  electric  cir- 
cuit by  virtue  of  which  lines  of  force  are  de- 
veloped around  it. 

Insulator. — Any  substance  impervious  to  the 
passage   of   electricity. 

Kilowatt.— 1,000   watts.      (See   watt.) 

Kilowatt-hour. — One  thousand  watt  hours. 

Leyden  Jar. — Form  of  static  condenser  which 
will  store  up  static  electricity. 

Lightning  Arrester. — Device  which  will  per- 
mit the  high-voltage  lightning  current  to  pass 
to  earth,  but  will  not  allow  the  low  voltage  cur- 
rent of  the  line  to  escape. 

Motor- dynamo. — Motor  and  dynamo  on  the 
same  shaft,  for  changing  alternating  current  to 
direct  and  vice  versa  or  changing  current  of 
high  voltage  and  low  current  strength  to  cur- 
rent of  low  voltage  and  high  current  strength 
and  vice  versa. 

Multiple. — Term  expressing  the  connection  of 
several  pieces  of  electric  apparatus  in  parallel 
with  each  other. 

Multiple    Circuits. — See   parallel    circuits. 

Neutral  Wire. — Central  wiie  in  a  three-wire 
distribution  system. 

Ohm. — The  unit  of  resistance.  It  is  arbi- 
trarily taken  as  the  resistance  of  a  column  of 
mercury  one  square  millimeter  in  cross  section- 
al area  and  106  centimeters  in  height. 

Parallel  Circuits. — Two  or  more  conductors 
starting  at  a  common  point  and  ending  at  an- 
other common  point. 

Polarization. — The   depriving  of   a   voltaic   cell 
of  its  proper  electromotive  force. 
Potential. — Voltage. 

Resistance. — The  quality  of  an  electrical  con- 
ductor by  virtue  of  which  it  opposes  the  pas- 
sage of  an  electric  current.  The  unit  of  re- 
sistance is  the  ohm. 

Rheostat. — Resistance  device  for  regulating 
the  strength  of  current. 

Rotary  Converter.  —  Machine  for  changing 
high-potential  current  to  low  potential  or  vice 
versa. 

Secondary  Battery. — A  battery  whose  positive 
and  negative  electrodes  are  deposited  by  cur- 
rent from  a  separate  source  of  electricity. 

Self-inductance. — Tendency  of  current  flowing 
in  a  single  wire  wound  in  the  form  of  a  spiral 
to  react  upon  itself  and  produce  a  retarding 
effect   similar  to   inertia  in  matter. 

Series. — Arranged  in  succession,  as  opposed  to 
parallel  or  multiple  arrangement. 

Series  Motor. — Motor  whose  field  windings  are 
in  series  with  the  armature. 

Shunt. — A  by-path  in  a  circuit  which  is  in 
parallel  with  the   main  circuit. 

Shunt  Motor. — Motor  whose  field  windings 
are  in  parallel  or  shunt  with  the  armature. 

Solenoid. — An  electrical  conductor  wound  in 
a  spiral  and  forming  a  tube. 

Spark-gap. — Space  between  the  two  electrodes 
of  an  electric  resonator. 

Storage    Battery. — See    secondary'    battery. 

Thermostat. — Instrument  which,  when  heated, 
closes  an  electric  circuit. 

Transformer. — A  device  for  stepping-up  or 
stepping-down  alternating  current  from  low  to 
high  or  high  to  low  voltage,   respectively. 

Volt. — Unit  of  electromotive  force  or  potential. 
It  is  the  electromotive  force  which,  if  steadily 
applied  to  a  conductor  whose  resistance  is  one 
ohm,  will  produce  a  current  of  one  ampere. 

Voltage. — Potential  difference  or  electromotive 
force. 

Volt  Meter. — Instrument  for  measuring  volt- 
age. 

Watt. — Unit  representing  the  rate  of  work  of 
electrical  energy.  It  is  the  rate  of  work  of  one 
ampere  flowing  under  a  potential  of  one  volt. 
Seven  hundred  and  forty-six  watts  represent 
one  electrical  horse   power. 

Watt- hour.— Electrical  unit  of  work.  Repre- 
sents work  done  by  one  watt  expended  for  one 
hour. 


AN    ELECTRIC    CHRISTMAS. 

With  a  snap  and  a  whir    and  a  flurry  of  wing- 

Old  Santa  Claus  comes  to  town; 
His  sleigh  with  electrical  melody  rings 

As  it  hovers,  and  settles  down. 
No  longer  the  deer  and  the  commonplace  way. 

For  Old  Santa  a-motor  goes, 
While  a  current  now  sparks  to  the  tune  of  his  larks, 

As  he  bounces  along  the  o'er  the  snows. 

His  gifts,  we  opine,  are  as  equally  quaint, 

For  the  children  are  wise  of  course. 
An  electrical  gift  from  the  merry  old  Saint, 

An  electrical  bear  or  a  horse. 
He  rigs  up  the  tree,  with  a  grin  on  his  face, 

In  a  garland  of  glittering  globes. 
Then  with  grin  and  with  hitch,  he  turns  on  the  switch. 

And  he  smiles  in  his  "Chaufferish"  robes. 

When  all  of  the  wee  ones  come  down  at  the  dawn 

They  are  charmed  by  the  wisdom  of   "Nick," 
There's  a  little  third  rail  that  a  train  hums  upon 

While  electrical  toys  do  the  trick. 
A  spark,  or  a  flash  and  a  halo  of  light 

And  the  Christmas  is  one  to  remember, 
For  the  motor  puts  vim  in  the  presents  of  him 

In  this  up-to-date  day  of  Decamber. 

W.  Livingston  Lamed. 


r     --ml 

POPULAR 

ELECTRICITY 

INT    PLAIN    ENGLISH 

fhf\ : £8 


VOL.  I 


DECEMBER      1908 


No.  8 


ELEMENTARY  ELECTRICITY. 

BY   EDWIN   J.    HOUSTON,     PH.  D.    (PRINCETON.) 
CHAPTER  VIII. MECHANICAL   EFFECTS  OF    ELECTRIC  DISCHARGES. 


The  passage  of  electricity  through  any 
circuit  is  capable  of  producing  a  variety 
of  what  are  known  as  mechanical  effects. 
As  the  phrase  is  generally  employed,  by 
mechanical  effects  are  meant  any  effects 
that  change  or  influence  the  masses  as 
distinguished  .from  the  molecules  or  the 
atoms.  When  a  board  is  ruptured  by  an 
explosion,  cut  by  a  chisel,  smoothed  by  a 
plane  or  a  piece  of  sandpaper,  bent  or 
flexed  by  force,  or  changed  in  volume  by 
compression,  the  effects  so  produced  are 
generally  known  as  mechanical  effects. 
Necessarily  all  the  changes  above  re- 
ferred to  influence  the  molecules  and 
atoms  as  well  as  the  masses.  Neverthe- 
less, by  mechanical  effects  are  meant 
those  influencing  the  masses  rather  than 
the  molecules  or  atoms.  In  other  words, 
mechanial  effects,  as  we  shall  use  the 
phrase  in  this  article,  may  briefly  be  de- 
fined as  molar  effects,  or  effects  influ- 
encing the  masses  as  distinguished  from 
molecular  or  atomic  effects  that  espe- 
cially influence  either  the  molecules  or 
atoms. 

Electricity  produces  mechanical  ef- 
fects in  a  variety  of  ways.  Since  all  me- 
chanical effects  are  produced  by  force 
acting  on  the  masses  through  distances, 
they  require  the  expenditure  of  energy. 
In  accordance  with  the  doctrines  of  the 
conservation  and  the  correlation  of  en- 
ergy referred  to  in  a  preceding  article, 
the  amount  of  mechanical  effect— that  is, 
the  amount  of  work  done  by  electricity  - 
is  necessarily  fixed  and  definite.  A  giv- 
en     quantity      of      electricity       flowing 


through  a  circuit  is  capable  of  producing 
a  given  amount  of  mechanical  effects  re- 
quiring the  expenditure  of  a  given 
amount  of  energy,  and  therefore  capable 
of  being  expressed  in  units  of  work  as 
foot-pounds,  or  in  electrical  units  as  volt- 
coulombs  or  joules.  So,  too,  the  amount 
of  activity,  power,  or  rate  of  doing  work 
is  capable  of  being  expressed  in  foot- 
pounds per  second  or  in  units  of  electri- 
cal activity  as  volt-amperes  or  watts.  In 
every  case  the  amount  of  work  done  by 
a  given  amount  of  electricity  is  fixed 
and  definite.  One  coulomb  of  electricity 
passing  through  a  difference  of  potential 
of  one  volt — that  is,  one  volt-coulomb  or 
joule — is  capable  of  expending  energy 
and  so  producing  a  total  amount  of  me- 
chanical effects  equal  to  0.738  foot- 
pounds, or  of  exerting  an  amount  of 
power  or  activity  equal  to  one  watt  or 
0.738  foot-pounds  per  second. 

There  are  various  ways  in  which  elec- 
tricity is  capable  of  producing  mechani- 
cal effects  or  doing  mechanical  work. 
These  effects  may  be  produced  either  by 
electricity  at  rest  or  by  electricity  in  mo- 
tion, or,  as  it  is  generally  called,  by  elec- 
tric charges  or  by  electric  discharges  or 
currents. 

By  an  electric  charge  is  meant  the 
condition  in  which  electricity  exists 
when  it  has  been  permitted  to  collect  on 
the  surface  of  an  insulated  conductor; 
that  is.  on  a  body  which/being  supported 
o]\  and  surrounded  by  an  insulating  me- 
dium, is  unable  to  leave  the  conductor. 
It  can  be  shown  that  under  such  circum- 
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stances  the  electricity  immediately  passes 
to  the  outer  surfaces  of  the  conductor 
where  it  collects  in  the  condition  known 
as  an  electric  charge.  If  the  charged 
body  be  touched  by  a  conductor  connect- 
ed with  the  earth,  the  electricity  is  dis- 
charged to  the  earth  in  what  is  known 
as  an  electric  discharge  or  current. 

Without  entering  now  into  further  de- 
tails it  suffices  to  say  there  are  two  kinds 
of  electricity,  positive  and  negative,  so 
that  a  body  is  capable  of  receiving  either 
a  positive  or  a  negative  charge.  It  is 
also  true  that  these  different  charges  are 
capable  of  mutually  attracting  or  repell- 


FIG.   59.     ATTRACTION  OF  THE  ELECTRIC 
PENDULUM. 

ing  each  other.  Like  charges  repel  and 
unlike  charges  attract  each  other,  two 
positive  charges  or  two  negative  charges 
repel  each  other  and  a  positive  and  a 
negative  charge  attract  each  other. 

The  mutual  attractions  and  repulsions 
of  electric  charges  may  either  produce 
actual  motion  and  thus  do  work  or  ex- 
pand kinetic  energy,  or  they  may  simply 
exert  a  pull  or  stress  on  the  medium 
separating  the  two  bodies,  thus  exerting 
potential  energy.  For  example,  in  Fig. 
59  (Ganot)  is  represented  a  piece  of  ap- 
paratus known  as  the  electric  pendulum. 
It  consists  of  a  pith  ball  suspended  by  a 
silk  thread.  When  an  electrified  body 
such  as  a  rubbed  piece  of  sealing  wax  or 
hard  rubber  is  brought  near  the  pith 
ball,  an  attraction  is  exerted  and  the  ball 
is  drawn  towards  the  electrified  body. 
Here  work  is  done,  work  that  is  capable 
of  being  expressed  in  fractions  of  a  foot- 


pound, by  the  weight  of  the  pith  ball  in 
fractions  of  a  pound  multiplied  by  the 
distance  in  fractions  of  a  foot  through 
which  the  attraction  has  raised  the  ball. 
If  an  electrified  body  is  brought  suffi- 
ciently  near  the   pith   ball  the   latter   is 


FIG.  60.  REPULSION  OF  THE  ELECTRIC 
PENDULUM. 

drawn  towards  it  until  they  touch.  Re- 
pulsion then  occurs  and  work  is  done  by 
the  repulsion  of  the  ball  as  represented 
in  Fig.  60  (Ganot).  This  work  can  be 
measured  by  the  weight  of  the  ball  mul- 
tiplied by  the  vertical  distance  through 
which  it  is  moved. 

The  successive  attractions  and  repul- 
sions due  to  electric  charges  can  be  made 
continuous.  In  the  apparatus  known  as 
the  electric  chime,  represented  in  Fig.  61 
(Ganot),  three  bells  are  suspended  from 


FIG.    61.     ELECTRIC   CHIME. 

a  horizontal  metallic  rod  hung  as  shown 
on  the  terminal  of  a  frictional  electric 
machine.  Two  of  the  bells  (A)  and  (B) 
are  suspended  by  conductors  to  the  hori- 
zontal bar,  while  the  third  (G)-is~ia&tt- 
lated  from  the  bar  by  a  silk  thread  but 
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connected  to  the  earth  by  a  metallic  con- 
ductor. Between  the  bells  two  small 
copper  balls  are  suspended,  as  shown,  by 
silk  thread. 

When  the  machine  is  worked,  the  bells 
(A)  and  (B),  receiving  positive  electric 
charges,  at  once  attract  the  copper  balls' 
by  reason  of  an  opposite  charge,  re- 
ceived in  a  manner  that  need  not  now  be 
explained.  The  clappers  strike  the  bells 
(A)  and  (C),  when  they  are  at  once  dis- 
charged to  the  earth,  and  are  again  at- 
tracted by  the  charges  (A)  and  (B)  and 
are  again  repelled.  These  to  and  fro 
movements,  together  with  the  conse- 
quent ringing  of  the  bells,  will  be  main- 
tained as  long  as  the  machine  is  operat- 
ed. They  are,  therefore,  examples  of 
mechanical  effects  produced  by  electric 
discharges. 

A  simple  mechanical  effect  is  shown  in 
Fig.  62  (Ganot).     Here  a  glass  bell  jar 


FIG.    62.     PITH    BALL   EXPERIMENT    SHOW- 
ING  MECHANICAL    EFFECT    OF 
ELECTRICITY. 

is  placed  on  a  metallic  support  connect- 
ed with  the  earth  and  connected  with 
one  of  the  conductors  of  a  frictional 
electric  machine.  The  bell  jar  is  pro- 
vided inside  with  a  metallic  ball 
placed  as  shown.  When  an  electric  dis- 
charge is  passed  between  the  ball  and 
the  metallic  case  of  the  vessel,  a  number 
of  pith  balls  that  have  been  placed  in  the 
vessel  are  set  into  violent  mechanical 
motions,  being  first  attracted  to  the  me- 
tallic ball,  afterwards  repelled  from  it, 
and  as  soon  as  they  have  lost  their 
charge  by  contact  with  the  earth  are 
again  attracted.  Here  again  we  have  an 
example    of    mechanical   effects  as  pro- 


duced    by     the     action    of    electric    dis- 
charges. 

It  sometimes  happens  that  the  charges 
which  collect  on  the  opposite  sides  of  a 
glass  plate,  or  on  the  coatings  of  a  Ley- 
den  jar  exert  sufficient  attraction  on  each 


FIG.    63.     PIERCING   GLASS   AND    PAPER  BY 
ELECTRIC    DISCHARGES. 

other  to  pierce  or  break  the  plate.  For 
example,  as  shown  at  the  left  in  Fig.  63 
(Silliman),  a  plate  of  glass  (v)  is  placed 
between  two  pointed  conductors  (a)  and 
(b).  On  the  discharge  of  a  Leyden  jar 
or  battery  between  these  conductors  the 
mechanical  stress  produced  by  the  oppo- 
site charges  that  collect  under  their  ex- 
tremities becomes  sufficiently  strong  to 
pierce  a  small  hole  through  the  glass, 
just  as  if  it  had  been  made  with  a  drill. 
In  order  to  ensure  this  result,  the  charge 
must  be  concentrated  on  the  glass  imme- 
diately opposite  the  points,  by  placing  a 
small  drop  of  oil  at  the  point  to  be 
pierced.  An  examination  of  the  hole  so 
formed  will  show  that  it  is  circular  in 
shape  and  frequently  remains  rilled  with 
fine  powdered  glass  dust,  that  can,  how- 
ever, be  readily  removed.  With  suffi- 
ciently powerful  discharges,  plates  of 
glass  several  inches  in  thickness  can  be 
pierced. 

It  frequently  happens  during  the  use 
of  a  Leyden  jar  battery  that  one  of  the 
jars  is  broken  by  the  discharge  through 
the  glass.  A  jar  so  affected  is  useless 
since  it  cannot  be  satisfactorily  mended. 

If  instead  of  the  plate  of  glass  a  piece 
of  cardboard  is  placed  between  the  point- 
ed conductors  (a)  and  (c),  as  shown  at 
the  right  in  Fig.  63,  on  the  passage  of  a 
sufficiently  powerful  discharge  a  hole 
will  be  pierced  at  (o)  through  the  paper. 
This  hole  is  situated  nearer  the  negative 
or  —  conductor  than  the  positive  or 
conductor,  A  peculiarity  about  the  per- 
foration is  that  its  edges  are  raised  or 
burred  on   both   faces  i^i  the  card.     This 
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fact,  which  has  long  been  known,  was  at 
first  hard  to  explain.  It  is  now  generally 
recognized,  however,  that  its  cause  is 
very  simple.  The  high  temperature  pro- 
dued  by  the  discharge  results  in  the  ex- 
plosive liberation  of  moisture  or  other 
vapors  that  rapidly  escaping  raise  the 
burr  on  both  faces.  With  sufficiently 
powerful  discharges,  a  hole  may  be 
pierced  through  a  book  of  several  hun- 
dred pages. 

Similar  effects  are  seen  on  a  much 
larger  scale  in  the  rending  of  trees  and 
the  tearing  of  stone  or  brick  walls  by 
lightning  discharges.  The  passage  of 
the  discharge  produces  considerable  heat 
and  is  attended  by  the  explosive  escape 
of  gases  or  vapors  liberated  in  the  mass 
of  the  material,  thus  producing  some  of 


chine  thus  provided  with  a  pointed  con- 
ductor is  examined  in  a  dark  room  dur- 
ing action,  a  luminous  brush  discharge 
will  appear  to  pass  off  from  the  point 
into  the  air.  A  discharge  of  this  charac- 
ter is  called  a  convective  discharge,  and 
is  accompanied  by  a  stream  of  air  parti- 
cles that  continue  to  be  thrown  off  from 
the  point  as  long  as  the  machine  is  in  op- 
eration. The  origin  of  the  air  stream  is 
simple.  It  can  be  shown  that  the  density 
of  the  electric  charge  on  any  body  rapid- 
ly increases  at  those  parts  of  its  surface 
that  are  pointed.  The  body  will  there- 
fore possess  a  very  high  charge,  near  the 
ends  of  the  pointed  conductor.  Conse- 
quently, when  the  air  particles  come  in 
contact  with  this  high  charge  they  will 
be    rapidly    charged    and    violently  re- 


FIG.   64.      STREAM   OF  ELECTRIFIED  AIR    PARTICLES  BLOWS  THE  FLAME. 


the  destructive  effects  of  lightning 
flashes. 

Reference  has  already  been  made  to 
the  fact  that  when  the  distance  between 
a  charged  conductor  and  an  approached 
earth-connected  body  exceeds  that  at 
which  a  disruptive  discharge  is  capable 
of  passing,  the  discharge  becomes 
branched,  and  that  if  the  distance  is  suf- 
ficiently increased,  the  discharge  entirely 
loses  its  disruptive  character.  More- 
over, instead  of  being  accompanied  by  a 
loud,  noisy  report  or  snap,  it  becomes  a 
quiet  discharge.  Such  a  discharge  is  es- 
pecially apt  to  occur  when  a  pointed  con- 
ductor is  placed  in  connection  with  the 
charged  body.  Under  such  conditions  it 
is  impossible  for  the  conductor  to  re- 
ceive a  very  high  charge,  since  it  tends 
to  discharge  itself.  It  is  for  this  reason 
that  the  conductors  of  an  electric  ma- 
chine are  always  made  blunt  or  rounded. 

Let  us  now  inquire  why  a  charged 
conductor  thus  provided  with  a  point  is 
capable  of  discharging  itself.     If  a  ma- 


pelled.  A  constant  stream  of  air  parti- 
cles is  therefore  shot  off  from  the  ends 
of  the  points,  and  since  each  of  these 
particles  carries  off  a  small  electric 
charge,  the  conductor  is  soon  discharged. 

That  a  stream  of  electrified  air  parti- 
cles actually  exists  in  convective  dis- 
charges can  be  shown  by  the  arrange- 
ment represented  in  Fig.  64  (Ganot), 
where  a  candle  flame  is  brought  into  the 
neighborhood  of  a  metallic  point  bent 
into  the  horizontal  position  as  shown. 
Here  the  stream  of  particles  thrown  off 
from  the  points  in  a  horizontal  direction 
blows  the  flame  of  the  candle  in  the  posi- 
tion shown.  When  the  amount  of  the 
discharge  is  sufficiently  great,  the  con- 
vective discharge  may  be  strong  enough 
to  extinguish  the  candle  flame.  Indeed, 
the  air  current  is  sufficiently  strong  to  be 
felt  by  the  hand  if  held  near  the  point. 

A  similar  piece  of  apparatus  is  repre- 
sented in  Fig.  65  (Ganot),  where  an 
electrical  vane  or  whirl,  consisting  of  the 
six  horizontal   wires   bent   as   shown,   is 
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fixed  to  a  central  cup  and  so  supported 
on  a  vertical  point  as  to  be  capable  of  ro- 
tating. When  the  electric  machine  is  put 
in  operation  the  escape  of  the  air 
streams  from  the  points  by  their  reaction 
causes  the  vane  to  revolve  in  a  direction 
opposite  to  that  of  their  escape.  This 
rotation  is  similar  to  that  observed  in 
the  well  known  device  called  the  rotary 
lawn  sprinkler. 

As  already  seen,  the  passage  of  an 
electric  discharge  between  metals  re- 
sults in  the  mechanical  tearing  off  of 
fragments  of  the  metal  that  are  after- 
wards volatilized  and  impart  a  charac- 
teristic color  to  the  spark.  This  may 
therefore  be  cited  as  additional  mechani- 
cal effect  produced  by  a  discharge.  This 
effect,  however,  is  by  no  means  limited 
to  solids.  The  passage  of  an  electric 
discharge  through  liquids  produces  me- 
chanical movements  of  the  liquid  in  the 
direction  of  the  discharge;  that  is,  from 
the  positive  and  negative  electrodes. 
Curious  results  are  sometimes  produced 
by  these  movements.  One  of  these  is 
seen  in  a  phenomenon  known  as  the 
electric  osmose. 

By  osmose  is  meant  the  unequal  mix- 
ing of  liquids  of  different  densities 
through  the  pores  of  a  diaphragm  or 
wall  separating  them.  If  a  solution  of 
sugar  and  water  is  placed  in  a  moist  pig's 
bladder,  and  a  glass  tube,  open  at  both 
ends,  is  tightly  secured  to  the  mouth  of 
the  bladder  and  then  placed  as  shown  in 
Fig.  66  (Silliman),  in  a  vessel  filled  with 


FIG.  65.  AN  ELECTRICAL  VANE  OR  WHIRL. 

pure  water,  a  gradual  mixture  occurs 
between  the  two  liquids  through  the  cap- 
illary or  hair-like  openings  in  the  wall 
of  the  bladder.  The  sugar  solution  flows 
out  of  the  bladder  into  the  water  in  the 
outside  vessel,  and  the  water  from  the 
outside  vessel  flows  into  the  sugar  and 
water  in  the  bladder.  These  two  streams. 


however,  are  of  unequal  strength.  More 
water  passes  into  the  sugar  solution.  If, 
therefore,  the  bladder  is  immersed  in 
the  water,  so  that  the  level  of  the  water 
is  the  same  as  that  of  the  sugar  solu- 
tion, after  the  mixing  has  gone  on  for 
several  hours,  the  level  of  the  sugar  so- 
lution will  be  much  higher  than  that  of 
the  water. 

The    two    currents    thus    set    up    are 
known    as    the    endosmotic    current,    or 


FIG.    66.      OSMOSE    OR    THE    MIXING    OF 
LIQUIDS. 


that  which  is  directed  towards  the  dens- 
er liquid,  and  the  exosmotic  current  or 
that  directed  towards  the  less  dense 
liquid.  The  endosmotic  current  is  the 
stronger,  thus  causing  a  higher  level  of 
the  sugar  solution. 

Now  it  has  been  observed  that  if  mat- 
ters can  be  arranged  so  as  to  permit  an 
electric  current  to  oass  through  the  pores 
of  the  bladder,  or  of  the  medium  sep- 
arating the  two  liquids,  that  the  passage 
of  the  discharge  is  accompanied  by  a 
movement  of  the  liquid.  Osmose  caused 
in  this  way  is  known  as  electric  osmose. 
If,  for  example,  a  vessel  provided  with 
a  vertical  wall  or  diaphragm  of  pig's 
bladder,  is  tilled  on  one  side  with  pure 
water  and  on  the  other  with  a  solution 
of  sugar  and  water,  the  passage  of  the 
current  through  the  walls  of  the  bladder 
will  carry  with  it  a  water  current  in  the 
same  direction  as  that  in  which  the  dec- 
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tricity  moves;  i.  e.,  from  the  positive  to 
the  negative  electrode. 

It  is  curious  to  note  in  this  connection 
that  if  by  mechanical  pressure  the  liquid 
is  forced  to  move  through  the  pores  of 
the  diaphragm,  that  electric  currents 
known  as  diaphragm  currents  are  pro- 
duced.    Such  currents  have  been  actu- 


FIG.     67.     CAPILLARY     ELECTROMETER. 

ally  employed  in  the  operation  of  a  tele- 
phone that  will  be  subsequently  describ- 
ed under  electro-receptive  devices. 

Another  instance  of  the  motion  of 
liquids  produced  by  an  electric  discharge 
is  seen  in  a  device  known  as  the  capil- 
lary electrometer.  Here,  as  shown  in 
Fig"-  67  (Houston's  Dictionary  of  Elec- 
trical Words,  Terms,  and  Phrases),  a 
drop  of  sulphuric  acid  and  water  is 
placed  in  the  horizontal  branch  of  a 
glass  tube  provided  with  two  vertical 
arms  that  are  dipped  into  vessels  filled 
with  mercury.  The  passage  of  an  elec- 
tric current  through  the  tube  results  in 


ference  of  potential  can  be  measured  by 
the  amount  of  the  movement. 

By  far  the  most  powerful  mechanical 
effects  are  produced  by  electric  currents. 
As  Oersted  has  shown,  the  passage  of  an 
electric  discharge  through  any  conduc- 
tor results  in  the  setting  up  of  circular 
lines  of  force  around  the  conductor.  For 
this  reason  electric  circuits  are  capable 
of  attracting  or  repelling  one  another 
according  to  the  direction  in  which  the 
electric  discharges  are  passing  through 
them. 

By  arranging  the  conductor  in  the 
shape  of  the  hollow  solenoid  or  coil 
shown  in  Fig.  68  (Ganot),  and  support- 
ing it  as  shown,  the  solenoid  acts  as  a 
magnet,  and  will  come  to  rest  when 
pointing  approximately  north  and  south. 
If  another  solenoid  be  brought  into  its 
neighborhood  as  shown  in  the  figure,  at- 
traction or  repulsion  will  result  accord- 
ing to  whether  dissimilar  or  similar  poles 
are  thus  brought  near  one  another.  The 
amount  of  tnese  effects  is  greatly  in- 
creased by  placing  cores  of  soft  iron  in- 
side the  solenoid.  It  is  in  this,  as  well 
as  in  other  similar  ways  that  electric  mo- 
tors are  produced.  These  constitute  by 
far  the  most  striking  examples  of  the 
mechanical   effects   of   the   electric   cur- 


FIG.     68.     ILLUSTRATING    MECHANICAL    EFFECT  PRODUCED  BY  ELECTRIC    CURRENT. 


the  movement  of  the  liquid  drop  from 
the  positive  to  the  negative  electrode  or 
in  the  direction  in  which  the  current  is 
moving.  A  change  of  direction  of  the 
current  therefore  is  accompanied  by  a 
change  in  the  direction  of  the  movement. 
The  name  capillary  electrometer  is  given 
to  this  device  because,  when  the  differ- 
ences of  potential  are  less  than  one  volt, 
the  amount  of  the  movement  is  propor- 
tional to  the  difference  of  potential  caus- 
ing it,  so  that  the  electric  pressure  or  dif- 


rent.     They  will  be  described  in  another 
place. 

A  curious  class  of  phenomena  produc- 
ed by  the  passage  of  an  electric  dis- 
charge is  seen  in  the  motion  caused 
either  by  electric  currents  or  by  magnets 
on  the  streams  of  luminous  matter  pro- 
duced by  the  discharge  of  electricity 
through  vacuous  spaces.  An  electric 
charge  differs  from  an  electric  current 
solely  in  that  in  the  charge  the  electricity 
is  at  rest  on  the  surface  of  the  conduc- 
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tor,  while  in  the  current  it  is  in  rapid 
motion  through  the  conductor.  Now,  as 
we  have  already  seen,  the  luminous  dis- 
charges that  pass  through  vacuous 
soaces  consist  of  streams  of  molecules 
each  of  which  carry  with  them  minute 
electric  charges  that  are  moving  with 
tremendous  velocities  through  the  empty 
spaces.  Very  curious  effects  are  there- 
fore produced  by  the  action  of  other  cur- 
rents or  magnets  on  these  discharges. 
Some  of  these  effects  will  be  referred  to 
in  a  subsequent  chapter. 

('to   be  continued.) 


AUTOMATIC  ELECTRIC  TIME  TABLE. 

Any  one  along  the  line  of  a  particu- 
lar trolley  route  naturally  knows  the 
running  time  on  that  line  or  the  time 
of  the  day  when  an  electric  car  is  ex- 
pected to  pass  a  certain  spot,  but  that, 
generally,  is  the  extent  of  his  knowl- 
edge of  the  running  time  of  the  road. 
When  these  same  people  arrive  at  the 
transfer  station  and  wish  to  know  when 
the  next  car  leaves  for  some  other  sec- 
tion, the  starter  is  invariably  looked  up 
for  the  desired  information. 

In  one  look  at  the  automatic  time  ta- 
ble you  can  tell  almost  at  a  glance  the 
running  time  of  any  of  the  lines  for  15 
minutes  in  advance.  The  time  clock  runs 
continually,  similar  to  any  other  clock, 
this  portion  of  the  machine  being  the 
make  of  the  Standard  Electric  Time 
Company,  which  is  used  in  all  large  sta- 
tions and  waiting  rooms  throughout  the 
United  States.  The  sheet  upon  which 
the  time  table  is  written  operates  from 
6  a.  m.  until  12  o'clock  midnight,  18 
hours  in  all,  or  during  the  time  that  the 
cars  are  in  operation.  By  the  use  of  a 
battery  system  the  clock  winds  itself 
every  minute. 

Each  individual  minute  of  the  18  hours 
is  represented  on  the  endless  chain  of 
cards  which  revolve  about  through  the 
use  of  an  electric  contrivance.  There 
are  15  cards  showing  at  one  time,  the 
top  card  agreeing  with  the  clock  and  the 
other  14  showing  the  schedule  for  the 
a  corresponding  number  of  minutes  to 
come. 

During  the  18  hours  of  service  there 
are  1,080  sheets  or  cards  displayed  on 
the  face  of  the  time  table.     As  the  card 


passes  from  view  at  the  top  the  sheet 
moves  up  one,  a  new  card  appears  at 
the  bottom,  and  the  one  which  disap- 
pears gradually  works  its  way  down  in 
the  rear  of  the  machine,  is  folded  and 
put  in  readiness  to  appear  in  its  proper 
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turn     during     the     next     18     hours     of 
service. 

A  portion  of  the  space  on  the  cards 
is  used  for  advertising  purposes.  The 
space  where  no  cars  are  scheduled 
is  used  by  the  railroad  during  the 
summer  months  to  advertise  the  various 
attractions  and  places  o\  interest  along 
the  line,  as  show  n  by  the  cut. 


PROGRESS  OF  ELECTRICITY. 


SHOWN  BY  THE  FOUNDERS'   DAY  PARADE  IN  PHILADELPHIA. 

BY  FREDERIC  BLOUNT  WARREN. 


Early  in  October,  Philadelphia  devoted 
sn  entire  week  to  a  celebration  of  the 
two  hundred  and  twenty-fifth  anniver- 
sary of  the  arrival  in  the  Delaware 
River  of  William  Penn,  the  city's  found- 
er. After  a  day  of  introductory  religious 
ceremonies,  there  followed  six  days  of 
pageantry,  on  which  were  told  the  stories 
cf  the  city  and  the  state's  military,  mu- 
nicipal, industrial,  maratime  and  his- 
torical greatness. 

On  the  historical  parade  it  is  natural 
that  the  greatest  thought,  the  greatest 
care  in  conception  and  fidelity  to  detail 


trial  line  of  march  before  at  least  three- 
quarters  of  a  million  spectators.  In  the 
pageant  was  the  work  of  thousands  of 
men.  There  were  floats  representing  in- 
dustries which  employ  a  quarter  of  a 
million  skilled  workers.  Thousands  of 
dollars  had  been  spent  to  make  the  floats 
distinctive  and  attractive.  For  weeks 
before,  designers  had  labored  with  their 
exhibits,  and  the  result  was  one  of  the 
most  versatile  and  original  pictures  ever 
presented  on  wheels. 

There  were  160  floats  in  the  pageant 
representing   ioo  separate  business   con- 


ALLEGORICAL  FLOAT  REPRESENTING   AN  ELECTRICAL  HALL  OF  FAME. 


should  have  been  lavished — and  it  was. 
But  from  a  practical  viewpoint  the  in- 
dustrial parade  of  Founders'  Week  was, 
by  all  odds,  the  most  interesting  and 
significant. 

The  commercial  supremacy  of  Phila- 
delphia, as  one  of  the  most  extensive 
manufacturing  centers  »in  the  New 
World,    was    exemplified    in   this    indus- 


cerns  and  50  distinct  classifications  of 
industries.  Under  one  of  these  classifica- 
tions was  grouped  the  electrical  industry, 
and  so  rigid  were  the  rules  pertaining  to 
advertising  on  the  part  of  the  partici- 
pants, and  the  difficulty  encountered  in 
making  floats  explanatory  without  ad- 
vertising, that  the  number  of  concerns 
represented  in  the  electrical  division  was 
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THE   TELEPHONE. 


lev    wore 


finally  restricted  to  three. 
The  Philadelphia  Electric  Company, 
with  six  large  floats;  the  Bell  Telephone 
Company,  with  three  floats;  the  Key 
stone  Telephone  Company,  with  one 
float.  Thus,  this  important  industry  re- 
ceived   a    total    numerical    representation 


afforded  by  ten  floats,  on  which,  how- 
ever, greal  care  had  been  lavished  and 
large  sums  o\  money  spent,  that  weak- 
ness in  numbers  should  not  be  empha- 
sized by  weakness  in  individual  ex- 
hibits. That  the  money  was  well  spent  is 
shown  by  the  illustrations. 
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After  considering  ways  and  means 
and  going  into  construction  details  of 
every  sort,  the  Philadelphia  Electric 
Company  decided  to  enter  a  series  of  six 
floats — the  first  float  to  be  semi-alle- 
gorical and  the  next  four  floats  to  dem- 
onstrate, as  attractively  as  possible,  what 
electricity  has  done  for  the  city  of  Phila- 
delphia— or  any  other  city,  for  that  mat- 
ter— in  the  way  of  modern  methods  of 
working  and  living ;  the  last  float  being 
merely  a  lamp  exhibit. 

The  chief  problem  was  that  of  how  to 
obtain   advertising  of  a  value   commen- 


wagons  of  the  company  were  dismantled, 
trailers  were  built  for  each  and  solid 
platforms  constructed,  covering  the  two 
beds. 

Float  No.  i  was  of  allegorical  nature. 
The  greater  part  of  the  float  was  cov- 
ered by  a  booth  representing  a  kind  of 
hall  of  fame,  divided  into  three  sections. 
In  these  sections,  seated  at  desks  or  in 
their  workshops,  were  figures  represent- 
ing Edison,  Morse  and  Bell.  At  the  rear 
end  of  the  float,  on  a  raised  section,  stood 
an  individual  made  up  to  represent 
Franklin.      A  kite  and   strings  to   which 


A   COMPLETE    TELEPHONE   EXCHANGE    ON   WHEELS. 


surate  with  the  expense  of  the  floats.  It 
was  finally  decided  that  the  very  best 
advertising  result  could  be  obtained  by 
drawing  a  contrast  on  each  float  be- 
tween methods  of  working  and  living 
before  electricity  was  available — which 
was  termed  "The  Old  Way" — and  the 
present  method — which  was  termed  "The 
Electrical  Way." 

Designs  of  the  floats  called  for  a  uni- 
form size  of  30  feet  by  10  feet;  the 
height  being  regulated  by  the  distance 
from  the  ground  to  the  lowest  overhead 
trolley  wire  on  the  line  of  the  parade. 
Six    of    the     electric  trucks  and  service 


was  attached  a  key,  flew  over  the  entire 
float  and  by  means  of  a  static  machine 
Franklin  would,  from  time  to  time,  cause 
long  sparks  to  be  emitted,  with  the 
crackling  noise  common  to  machines  of 
this  character.  This  float  was  merely 
entitled    "Electricity." 

Floats  Nos.  2,  3,  4  and  5,  shown  in 
the  frontispiece  of  this  issue,  represented 
miniature  dwellings  and  workshops,  all 
of  them  roofed  over  and  painted  so  as  to 
represent  true  sections  of  the  structures. 

Float  No.  2  illustrated  the  develop- 
ment of  the  lighting  of  dwellings.  The 
first  half  of  the  float  showed  the  interior 
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of  an  old  colonial  room,  completely  fur- 
nished, with  old  colonial  candlesticks  and 
lamps  as  the  principal  features,  with  a 
girl  in  colonial  dress  seated  at  a  table 
reading.  The  second  half  showed  t  the 
interior  of  a  modern  living  room,  also 
completely  furnished,  with  electric  wall 
brackets,  electric  dome  light,  luminous 
radiator  and  electric  fans,  the  lamps  be- 
ing lighted  from  the  batteries  of  the 
truck,  and  the  fans  also  in  operation. 

Float  No.  3  represented  the  develop- 
ment in  cooking  methods.  The  first  half 
of  the  float  showed  the  interior  of  an  old 
log  cabin  with  a  trapper,  in  costume, 
cooking  his  meal  over  a  log  fire.  The 
details  of  this  were  completely  worked 
out  and  the  effect,  of  the  logs  burning 
was  obtained.  The  second  half  of  the 
float  showed  the  interior  of  a  modern 
electric  kitchen  with  girls,  smartly 
dressed,  operating  the  "kitchenette,"  and 
the  various  electrical  dough-mixing  and 
egg-beating  appliances.  All  the  small 
motors  and  the  kitchenette  on  this  float 
were  operated  from  the  batteries  on  the 
truck,  as  were  also  the  lamps. 

Float  No.  4  represented  the  develop- 
ment of  laundry  methods.  The  first  half 
of  the  float  showed  an  old  negress  at  the 
wash  tub  in  a  cabin,  with  children  play- 
ing around  the  floor,  old  stove  in  the 
corner  and  a  chimney  actually  throwing 
out  smoke.  The  second  half  showed  the 
interior  of  a  modern  electric  home  laun- 
dry, with  electric  irons,  electric  wash- 
ing machine,  electric  clothes  dryer— all 
this  apparatus  being  demonstrated  by 
neatly  dressed  maids  and  operated  by 
current  furnished  from  the  batteries  on 
the  truck. 

Float  No.  5  demonstrated  the  develop- 
ment in  factory  methods.  The  first  half 
of  the  float  showed  the  interior  of  an  old 
style  wood  working  establishment  oper- 
ated by  a  stationary  engine  in  one  cor- 
ner of  the  float.  This  float  was  com- 
pletely equipped  with  shafting,  belting 
and  machinery,  all  being  operated  by  the 
steam  engine  which  was  burning  sofl 
coal  and  throwing  out  clouds  of  black 
smoke.  Men  were  at  work  at  the  vari- 
ous machines.  The  second  half  of  the 
float  showed  the  interior  of  a  modern 
machine  shop,  all  of  the  machines  being 
direct  connected  to  electric  motors  and 
in   operation.      The   contrast    of   cleanli- 


ness and  convenience  was  sharply  drawn 
and  every  detail  on  the  float  was  minute- 
ly worked  out. 

Float  No.  6,  not  illustrated,  was  merely 
a  large  service  auto,  completely  covered 
by  a  frame,  over  which  was  stretched 
blue  and  yellow  cloth,  the  colors  of  the 
city.  Over  the  entire  frame  were  stud- 
ded, in  neatly  worked  out  designs,  vari- 
ous types  of  electric  lamps.  In  the  cen- 
ter on  both  sides  the  words  "Founders' 
Week"  were  spelled  out  in  miniature 
electric  lamps  and  on  the  back  of  the 
auto  was  the  Philadelphia  Electric  Com- 
pany's monogram  in  miniature  lamps. 
The  wording,  "Founders'  Week,"  and 
the  monogram  were  illuminated  from 
time  to  time  by  means  of  a  flasher,  the 
result  being  effective. 

A  large  banner  carried  by  eight  men 
ied  the  electric  company's  section.  It 
bore  the  wording,  "The  Philadelphia 
Electric  Company's  Exhibit,"  in  gold 
letters.  At  the  side  of  each  float  smaller 
banners,  similarly  made  up,  were  carried, 
bearing  various  inscriptions,  such  as : 

"In  Philadelphia  in  1889 — 135  Horse- 
power in  Motors  Were  in  Use.  In  1908 
— 41,000  Horsepower." 

The  various  banners  were  adjacent 
to  the  floats  to  which  they  applied. 

Not  the  least  of  the  difficulties  in  pre- 
paring such  an  exhibit  as  this — from  an 
electrical  standpoint — was  the  fact  that 
the  parade  was  a  daylight  one,  thus  mak- 
ing the  illuminating  feature  difficult  to 
illustrate.  Nevertheless  all  of  the  floats 
and  the  standards  which  carried  the  ban- 
ners were  completely  wired  and  fitted 
vith  both  standard  and  miniature  lamps. 
so  that  in  the  event  of  the  parade  being 
postponed  until  darkness  had  set  in.  the 
appearance  of  the  floats  at  night  would 
have  been  even  more  effective  than  was 
the  case  during  the  day.  The  floats  were 
designed  and  constructed  by  the  com- 
pany  in  con j unction   with  decorators. 

The  Bell  Telephone  Company's  im- 
pressive exhibit   was  as    follows: 

Float  No,  1.  A  map  showing  the 
scope  o\  the  Bell  Telephone  Company's 
system  in  the  United  States,  and  Phila- 
delphia's connections  with  other  cities. 
Tin's  map  was  wired  from  City  to  city. 
and  at  the  larger  cities  the  centra' 
:ion  of  wires  from  widely  separated  end 
remote  territory  was  well  illustrated.  The 
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map  was  one  of  the  largest  ever  built, 
being  30x11^  feet. 

Float  No.  2.  A  series  of  seven  tele- 
phones from  one  to  nine  feet  in  height, 
illustrating  the  telephone  development  in 
Philadelphia  from  1883  to  1908 — -from 
2,000  telephones  in  1883  to  103,000  in 
use  now. 

Float  No.  3.  This  float  showed  Wil- 
liam Penn  on  the  Philadelphia  City  Hall 
holding  two  pictures :  One  showing 
Market  street,  the  principal  thorough- 
fare, as  Penn  would  have  seen  it  in  1890, 
filled  with  telephone  and  telegraph  wires, 
and  one  showing  it  in  1908  virtually  free 
from  wires.  On  this  float  there  was  also 
shown  a  cross  section  of  the  company's 
underground  plant.  At  the  head  of  this 
float  there  appeared  an  enlarged  old- 
style  "Blake"  transmitter  and  two  poles 
loaded  with  wires,  illustrating  the  old- 
style  construction,  and  in  the  rear  of  the 
float  was  the  modern  underground  sec- 
tion showing  the  present  type. 

The  Keystone  Telephone  Company's 
float  was  drawn  by  20  horses,  manned 
by  24  men  and  contained  seven  young 
women  operators.  It  represented  a  com- 
plete telephone  exchange. 


TELEPHONE  LINE  OVER  THE  ALPS. 

Across  the  Alps,  at  a  height  of  11,962 
feet  above  the  sea  level,  there  is  being 
constructed  a  telephone  line  which  is  at  a 
greater  altitude  than  any  other  in  the 
world.  The  first  section  of  the  line  is 
2j4  miles  long  and  its  construction  pre- 
sented exceptional  difficulties.  Owing  to 
the  strong  winds  and  to  the  snow  and 
storms  prevailing  in  these  high  regions, 
an  overhead  line  supported  on  poles  was 
quite  out  of  the  question.  On  the  other 
hand,  an  insulated  cable  laid  on  the 
ground  would  have  sunk  gradually  in 
the  snow  and  ice,  and  have  made  repairs 
impossible. 

Acting  upon  the  suggestion  of  Dr. 
Alessandri,  chief  of  the  Physical  Observ- 
atories of  Mount  Rosa,  who  had  been 
carrying  out  experiments  on  the  high  in- 
sulating qualities  of  dry  snow  in' those 
elevated  regions,  it  was  decided  to  lay  a 
naked  wire  the  whole  length  on  the 
ground  and  across  the  snowfields  and 
glaciers.  It  was  also  pointed  out  that, 
owing  to  the  slow  movements  of  the  gla- 
ciers— even    at    the    time    of    the    year 


when  the  ice  and  snow  are  melting — and 

to  the  high  plastic  qualities  of  the  ice, 

the   wire   would    cut   its 

through   and 

jury.     So  far  the  wire  has  been  laid  for 

more  than  six  weeks,  and  no  damage  is 

reported. 


way   gradually 
suffer  no  breakage  or  in1 


ELECTRIC  AUTOMATIC  LIFT. 

Users  of  hand  power  dumb-waiters 
and  small  lifts  realize  the  inconvenience 
of  operation.  To  eliminate  the  troubles 
encountered  in  the  past  the  Kenny  auto- 
matic electric  lift  was  designed. 

The  accompanying  diagram  explains 
at  a  glance  the  operation  of  the  system. 

life 


PRESSING      THIS    BUTTON 
BRINGS     CARTOVOU 

AND    LOCKS     THIS 

AND   ALL   OTHER      BUTTONS 
HILE    CAR  IS    TRAVELING 

AT  THE   SAME  TIME: 

LlGHTNG   THIS  JEWELED 

LAMP    LOCATED    ON    ALL 

BUTTONS    INDICATING  THAT 

LIFT    15    IN  USE. 


PENINC     THIS  OR  ANY  DOOR. 
OF   HATCHWAY    STOPS     THE 
CAR     AND 

PREVENTS    ACCIDENTS. 


A  button  switch,  mounted  on  every  floor, 
operates  a  small  lamp  and  a  special  lock. 
Pressing  any  button  brings  a  car  to  that 
particular  floor,  locking  all  other  but- 
tons and  at  the  same  time  indicating  by 
the  lamps  in  the  other  floors  that  the 
car  is  in  use. 

If  a  door  is  left  open,  the  car  will  not 
start  until  it  is  closed.  It  is  made  in 
various  sizes  to  lift  from  50  to  5,000 
pounds,  and  can  be  installed  very  reason- 
ably, whether  as  a  dumb-waiter  or  for 
small  passenger  and  freight  purposes. 
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MODERN  PHOTO-TELEGRAPHY. 

The  portrait  of  the  King  of  England 
reproduced  in  the  accompanying  halftone 
illustration  was  taken  by  the  latest  meth- 
od of  photo-telegraphy.  This  picture  was 
transmitted  by  cable  from  The  Illustra- 
tion, a  magazine  in  Paris,  to  The  Lon- 
don Daily  Mirror. 

The  photograph,  or  rather  the  orig- 
inal negative,  must  be  in  the  form 
of  a  celluloid  film.  It  is  placed  around 
a  glass  cylinder  in  the  sending  ap- 
paratus. The  apparatus  is  so  arranged 
that  the  glass  cylinder  has  a  rotary  screw 
motion  similar  to  the  record  on  an  ordi- 
nary phonograph  cylinder.  All  light  is 
shut  off  from  the  cylinder  by  means  of 
an  external  box,  except  for  a  very  small 
hole  in  the  front,  on  which  the  light  of  a 
Nernst  lamp  is  concentrated  by  a  lens. 
Instead  of  a  traveling  needle,  as  in  the 
phonograph,  the  pencil  of  light  passes 
over  the  film.  It  will  be  seen  that  the 
light  will  thus  meet  the  consecutive  tiny 
portions  of  the  film,  one  after  the  other, 
and  which  are  of  different  intensities. 

A  prism  is  placed  inside  the  glass 
cylinder  which  reflects  all  the  light  which 
penetrates  the  film  on  to  a  selenium  cell 
arranged  at  the  other  end  of  the  box.  As 
the  film  rotates,  and  the  portions  of  it 
which  intercept  the  light  vary  in  intens- 
ity, so  the  amount  of  light  which  is  re- 
flected to  the  cell  varies  correspondingly. 

By  a  peculiar  physical  phenomenon, 
the  electrical  resistance  of  selenium  var- 
ies in  proportion  to  the  amount  of  light 
falling  upon  it.  The  selenium  cell  above 
referred  to  is  therefore  connected  in  the 
telegraph  circuit,  and  as  the  light  pass- 
ing through  the  film  is  reflected  upon  it 
the  resistance  of  the  circuit  varies  in  ac- 
cordance with  the  density  of  the  light 
coming  through  the  film,  and  striking 
the  cell,  and  the  current  traveling  over 
the  line  fluctuates  accordingly.  At  the 
receiving  station,  miles  away,  the  instru- 
ment receives  this  fluctuating  current. 

The  receiving  apparatus  is  somewhat 
similar.  There  is  a  revolving  drum  in- 
side a  dark  box  which  rotates  at  the 
same  speed  as  the  sending  cylinder.  Over 
this  drum  is  wound  an  unexposed  pho- 
tographic film.  One  tiny  opening  lets  a 
pencil  of  light  enter  the  box  and  fall  on 
the  film.  A  little  aluminum  screen  an 
ers  the  light  opening,  and  this  screen  is 


operated  by  electromagnets  in  circuit 
with  the  telegraph  line.  The  magnets 
vary  in  strength  in  proportion  to  the  fluc- 
tuations of  the  current  coming  from  the 
sending  station,  and  they  move  the 
screen  ever  so  little,  back  and  forth,  so 


as  to  let  more  or  less  light  enter  the  box 
and  fall  on  the  revolving  film.  These 
variations  of  light  are  in  consequence  in 
direct  proportion  to  the  variations  of 
light  falling  on  the  selenium  cell  at  the 
sending  end,  therefore  the  film  is  ex- 
posed to  exactly  the  same  degree,  at  the 
different  points  on  its  surface,  as  was 
the  sending  film.  When  developed,  the 
film  at  the  receiving  station  is  an  exact 
reproduction  of  the  one  at  the  sending 

station.   

POACHING  BY  ELECTRICITY. 
On  the  Teltow  Canal,  in  Germany, 
where  the  boats  are  propelled  by  elec- 
tricity, an  ingenious  rogue  conceived  the 
idea  of  making  use  of  the  electric  cur- 
rent for  obtaining  a  supply  of  fish.  All 
that  was  necessary  was  to  attach  one  end 
of  a  piece  of  wire  to  the  boat  trolley  wire 
and  clip  the  other  end  in  the  water.  All 
the  fish  within  a  radius  of  30  feet  V 
instantly  paralyzed. 
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GERMAN  ELECTROTHERAPUETIC  APPLI- 
ANCES. 

The  Multostat  is  the  firm  name  of  a 
contrivance  of  German  manufacture 
which  enables  the  practicing  physician  to 
make  every  possible  use  of  electric  cur- 
rents, including  motor  operation.  Mount- 
ed on  a  small  plate,  the  Multostat  con- 
tains all  regulating,  switching  and  con- 
tact apparatuses  necessary  for  galvaniza- 
tion, faradization,  for  caustic  and  endo- 
scopic current,  and  for  the  motor-trans- 
former. The  latter  generates  the  caustic, 
the  faradic  and  the  endoscopic  current, 
and  simultaneously  drives  a  flexible  shaft 
transmitting  rotary  movement  to  the 
hand  pieces  for  vibratory  massage. 

All  the  regulating  contrivances  per- 
mit of   finest   gradation.     A   feature  of 


THE   SCHNEE  FOUR-CELL  BATH  TREAT- 
MENT. 

the  Multostat  offering  special  advan- 
tages is  that  cauterization  and  endoscopy 
may  be  executed  simultaneously.  The 
entire  apparatus  takes  up  but  little  space 
and,  being  provided  with  handles,  can  be 
transported  with  ease.  Placed  on  a  small 
table  with  rubber  castors  it  can  be  rolled 
about.  This  mobility  makes  it  possible 
to  shift  the  apparatus  from  room  to  room, 
and  it  is  therefore  not  necessary  for 
sanatariums,  hospitals,  etc.,  to  keep  on 
hand  a  number  of  fixed  equipments.  One 
use  of  the  Multostat  is  in  connection 
with  the  four  cell  bath  treatment  shown 


in  one  of  the  pictures,   devised  by  Li 
Schnee,    by    which    hydro-electric    baths 
may  be  given. 

The  easy  operation  of  an  electric  mas- 
sage  machine    is   also    illustrated.      Ex- 


electric    MASSAGE    MACHINE. 

changeable  working  parts  of  the  instru- 
ment permit  of  its  use  for  massage  of  the 
face  as  well  as  of  the  body.  The  strength 
of  the  vibratory  movement  can  be  regu- 
lated. 


ELECTROCUTION  OF  ANIMALS, 

Very  satisfactory  experiments  in  elec- 
trocution of  animals  for  food  consump- 
tion have  been  made  within  the  past 
year  by  Dr.  Stephane  Leduc,  of  the  Med- 
ical School  of  Nantes,  France,  and  they 
undoubtedly  demonstrate  that  animals 
can  be  electrocuted  very  easily  and  with- 
out causing  pain.  During  the  course  of 
researches  made  by  Doctor  Leduc  with 
a  view  of  causing  electric  sleep,  he  dis- 
covered this  new  and  rapid  method  of  in- 
flicting painless  death,  a  method  which  is 
very  simple  and  inexpensive.  The  ap- 
paratus necessary  is  simple  and  not  very 
costly,  and  the  direct  current  used  does 
not  require  to  be  stronger  than  such  as  is 
used  for  lighting  purposes  of  low  volt- 
age. 

The  current  is  interrupted  at  frequent 
intervals  per  second,  and  these  frequent 
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interruptions  are  produced  by  a  special 
apparatus  designed  by  Doctor  Leduc.  If 
an  animal  is  submitted  to  this  current, 
and  if  functions  of  life,  circulation,  res- 
piration, etc.,  are  stopped,  a  perfect  and 
general  insensibility  is  produced,  while 
none  of  the  essential  organs  is  injured. 
If  the  current  is  stopped  before  two  min- 
utes have  elapsed,  life  is  restored  again, 
and  the  animal  does  not  appear  to  have 
suffered  from  the  experiment.  An  ani- 
mal subjected  to  this  current  for  more 
than  two  minutes  dies  without  pain  from 
asphyxia. 

The  animal  to  be  electrocuted  is  placed 
upon   a    platform     insulated     from   the 


ground  by  glass  or  porcelain  stands.  One 
electrode  is  placed  upon  the  forehead 
between  the  eyes,  and  the  other  is  placed 
at  the  extremity  of  the  spinal  column 
so  as  to  concentrate  the  current  through 
the  brain  and  spinal  marrow,  the  two 
places  where  the  electrodes  are  applied 
having  previously  been  shaved  in  order 
to  secure  a  perfect  contact.  As  soon  as 
the  current  is  established  the  animal  falls 
senseless,  and  it  is  then  bled.  Owing  to 
the  great  contraction  of  the  muscles  the 
bleeding  is  very  profuse,  and  consequent- 
ly the  meat  is  supposed  to  be  of  better 
quality.  It  is  doubtful  if  this  slow  method 
would  find   favor  in  this   country. 


ELECTRICITY  IN  COAL  MINING. 

PART  III. COAL  CUTTING  MACHINES. 


Although  there  is  no  likelihood  that 
the  services  of  the  hand  miner  will  be 
dispensed  with  entirely  in  production  of 
bituminous  coal,  still  his  work  is  now 
principally  odd  job  work — for  production 
on  a  high  tonnage  basis  his  place  has 
been  taken  by  the  electric  chain  cutting 
machine.  The  electric  chain  machine  is 
essential  nowadays  for  rapid  develop- 
ment, maximum  continuous  production 
and  greatest  effectiveness  per  man  em- 
ployed, which  means  least  cost  per  ton 
of  output. 

Experiments  with  various  types  of  cut- 
ter bars  led  to  the  development  of  the 
chain  machine,  which  is  now  within  the 
reach  of  every  producer  of  bituminous 
coal  and  is  adaptable  to  almost  every 
condition  of  coal  mining.  The  machine 
is  simple  in  principle  and  operation.  It 
consists  essentially  of  two  parts :  First, 
a  rigid  base  frame,  held  firmly  in  place  on 
the  floor  of  the  room  by  jacks,  front  and 
rear,  to  the  face  and  roof  respectively.  A 
pan  foot  under  the  front  jack  and  the 
two  rollers  resting"  on  a  skid  at  the  rear 
give  all  the  firmness  of  three-point  sup- 
port, regardless  of  floor  irregularities. 

Second,  fitted  to  guides  on  the  rigid 
base  is  a  traveling  frame  of  long  triangu- 
lar form,  with  an  endless  cutter  chain 
embracing  its  three  sides,  passing  around 
two  idle  sprockets  at  the  forward  end 
and  a  driving  sprocket  at  the  rear.  An 
electric  motor  attached  to  the  rear  end 


of  the  traveling  frame  performs  the 
double  duty  of  driving  the  cutter  chain 
around  the  frame  and  of  forcing  the 
frame  itself,  with  the  chain,  continuously 
forward  along  the  rigid  guides.  The  links 
of  the  chain  carry  inserted  cutter  bits : 
some  horizontal,  others  inclined  upward 
and  downward.  As  the  traveling  frame 
advances  into  the  coal  these  bits  make  a 
kerf  or  channel  four  inches  high. 

In  clean  coal  with  smooth  bottom  the 
chain  may  run  close  to  the  floor  and 
leave  practically  no  bottom  coal  to  be 
taken  up.  Where  rolls  are  common  the 
chain  may  be  set  to  enter  at  any  desired 
height  and  pitch.  The  depth  and  breadth 
of  cut,  as  also  the  rate  of  feed,  are  vari- 
able to  suit  the  hardness  and  character  of 
the   coal. 

Fig.  i  is  a  view  of  an  electric  chain 
cutter  making  an  undercut.  It  is  firmly 
braced,  front  and  rear,  and  the  motor 
which  operates  the  endless  chain  with  its 
cutting  tools  is  shown  mounted  on  the 
traveling  frame.  Fig,  2  is  a  view  of 
the  same  machine  as  the  cutter  is  being 
withdrawn  from  the  face.  Current  is 
brought  to  the  motor  through  a  cable 
attached  to  the  conductor  wires  in  the 
main  entry,  the  cable  being  paid  out 
from  a  reel  as  the  machine  is  advanced  to 
the    face. 

The  machine  runner,  stationing  him- 
self at  the  controller  oi  the  motor,  at- 
tends to  the  operation  of  the  machine  as 
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the  cutter  chain  advances  under  the  coal. 
His  helper,  shovel  in  hand,  clears  away 
the  cuttings  as  brought  out  by  the  chain. 
The  depth  of  the  cut  is  determined  by 
the  length  of  the  machine  used,  and  this, 


for  general  utility  purposes.  In  this  type 
the  motor  which  operates  the  cutting  ma- 
chine is  also  connected  by  means  of 
sprocket  and  chain  drive  to  the  wheels 
of   the  truck.     There   are  two  types  of 


FIG.  3.  SELF-PROPELLED  TRUCK  WITH  TROLLEY  POLE. 


like  the  breadth  of  the  cutter  head  and 
the  rate  of  forward  feed,  must  be  gov- 
erned by  the  height  and  character  of  the 
coal,  the  nature  of  the  roof  and  floor,  etc. 
Reaching  the  full  depth  of  the  cut,  the 
feed  stops  automatically,  and  the  move- 
ment of  a  reverse   lever  throws  in  the 


FIG.    4. 


SELF-PROPELLED    TRUCK    WITH 
HAND    TROLLEY    POLE. 


quick  return  device,  which  backs  the  ma- 
chine rapidly  out  from  the  coal.  While 
the  machine  thus  withdraws,  the  men  re- 
lease the  jacks  and  prepare  to  move  the 
machine  to  the  right  a  distance  equal  to 
its  own  width,  there  to  reset  the  jacks 
and  make  a  second  run. 

Self-propelled  trucks   for  moving  the 
cutting  machines  are  the  most  convenient 


these  self-propelled  trucks,  one  in  which 
the  current  is  collected  by  a  regulation 
trolley  pole  similar  to  that  on  a  street 
car,  Fig.  3,  and  the  other  in  which  a 
small  hand-operated  trolley  pole  is  used 
as  shown  in  Fig.  4.  In  the  latter  type 
the  operator  sits  on  the  rear  of  the  ma- 
chine and  holds  the  trolley  wheel  against 
the  wire  by  means  of  a  handle  shaped 
like  a  policeman's  club.  This  handle  is, 
of  course,  insulated  from  the  wheel 
which  collects  the  current. 


STATIC  ELECTRICITY  FROM  BELTS. 

To  show  how  great  may  be  the  gen- 
eration of  static  electricity  experiments 
were  performed  in  some  German  fac- 
tories. The  experimenter  succeeded  in 
drawing  sparks  an  inch  to  an  inch  and  a 
half  long  from  a  five-inch  belt  on  a  wheel 
making  1,000  revolutions  a  minute.  The 
risk  of  explosion  in  dust  or  gases  was 
also  subject  to  investigation  with  a  view 
to  elimination  of  the  danger.  Coatings 
of  bronze  or  aluminum  powder  prevent- 
ed static  charges,  while  a  weekly  applica- 
tion of  acid-free  glycerin  was  a  remedy 
and  added  durability  to  the  belt. 
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AN  UP-TO-DATE  "TROUBLE"  WAGON. 

When  a  trolley  wire  or  hanger  breaks 
or  some  other  accident  happens  to  the 
overhead  construction  of  a  city  railway, 
there  is  reason  for  quick  action  on  the 
part  of  the  railway  company  to  make 
repairs.  Damage  suits  may  result  from 
people  coming  in  contact  with  the  broken 
wire.  Delay  of  traffic  is  also*  bound  to 
occur,  and  this  is  another  thing  that  is 
a  bugbear  to  the  management.  Conse- 
quently most  of  the  larger  companies 
keep  a  number  of  emergency  or  trouble 
wagons  ready  to  rush  to  the -scene  of 
the  accident  at  a  moment's  notice,  and 
they  go  clattering  through  the  streets 
at  a  rate  which  sometimes  makes  the 
fire  engine  companies  jealous. 

An  indication  of  the  up-to-date  meth- 
ods of  the  United  Railways  Company  of 
St.  Louis  is  shown  by  their  "trouble" 
wagon  which  they  built  in  their  own 
shops  and  which  is  giving  efficient  serv- 


'TROUBLE"    WAGON    WITH    PLATFORM 
RAISED    READY    FOR    WORK. 


AN     UP-TO-DATE     "TROUBL.1 


WAGON. 


ice.  The  car  is  driven  by  a  30  horse- 
power, four  cylinder,  water  cooled  gaso- 
line engine  and  is  geared  to  20  miles  an 
hour.  The  gear  is  of  the  sliding  trans- 
mission type  and  has  four  speeds  for- 
ward and  one  reverse. 

The  car  weighs  6,000  pounds  without 
tools,  and  the  tires  are  solid  rubber  with 


a    four-inch   face.        It  is  provided  with 

platform  which  is  raised  by  a  telescope 
frame  and  which  is  insulated  from  the 
ground.  The  linemen  who  stand  on  this 
platform  and  make  the  repairs  ai 
past  masters  in  the  use  oi  the  pliers  and. 
the  "come  along."  and  can  make  a  splice 
in   record   time. 
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PRESENT  STATUS  OF  THE  ELECTRIC 
AUTOMOBILE. 

Rapid  as  have  been  the  improvements 
in  gasolene  automobiles  during  the  last 
few  years,  the  electric  automobile  has 
been  improved  just  as  much,  although  it 
does  not  perhaps  have  the  center  of  the 
stage  as  does  its  rival.  The  electric  mo- 
tor used  today  is  50  per  cent  better  than 


distinct  and  seoarate.  The  electric  is 
not  capable  of  high  speed,  except 
at  great  expense.  Neither  can  it 
make  great  mileage  except  at  great 
expense.  It  is  therefore  unfitted  for 
long  distance  tours.  But  within  its 
field,  charged  for  a  distance  of  say 
50  miles  per  day,  for  city  and  su- 
burban use,  it  is  not  only  the  most  eco- 


GRACE  and  simplicity  characterize    the  modern  electric  vehicle. 


it  was  when  all  automobiles  were  in  the 
experimental  stage.  The  storage  battery 
has  improved  in  many  ways.  The  class 
of  materials  and  construction  methods 
have  improved  in  the  electric  class  just 
as  much  as  in  the  gasolene  class.  Five 
years  ago  the  average  ability  of  an  elec- 
tric was  25  miles  on  a  battery  charge. 
Today  the  average  electric  does  50  to  80 
miles  per  charge,  at  less  expense. 

Many  people  have  the  idea  that  elec- 
tric automobiles  are  expensive  to  main- 
tain. This  is  probably  because  five  years 
ago  all  automobiles  were  of  comparative- 
ly small  ability.  The  fact  is  that  the 
electric  car  is  now  a  very  inexpensive 
one  from  every  point  of  view. 

Gasolene  and  electric  cars  are  not  com- 
petitors— the     two     fields     are     entirely 


nomical  automobile  to  maintain,  but  in 
most  cases  it  costs  about  the  same  as  a 
horse,  and  often  less.  In  addition  to  its 
inexpensive  maintenance,  the  electric  has 
many  attractive  features.  It  is  simple, 
and  easily  kept  in  perfect  condition.  It 
has  no  complications — anyone  can  under- 
stand it  easily.  No  other  vehicle  is  so 
easily  controlled  and  guided.  No  other 
vehicle  is  so  safe.  And  what  is  more 
important,  no  other  vehicle,  whether 
horse-drawn  or  motor-driven,  is  so  thor- 
oughly dependable.  You  can  rely  on 
the  fact  that  an  electric  is  going  to  start 
when  you  want  it  to,  and  run  as  long  as 
you  want  it  to,  as  long  as  there  is  cur- 
rent in  the  battery. 

Another   popular   delusion    about   the 
electric   is   that   "When   an   electric  can 
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make  100  miles,  it  will  be  a  practical 
car."  So  general  is  this  talk  that  the 
fact  is  lost  sight  of  that  any  of  the  bet- 
ter types  of  electrics  can  now  make  more 
than  100  miles  on  a  single  battery 
charge.  But  it  isn't  worth  while  to  do 
so,  for  several  reasons. 

In  the  first  place  great  mileage  is  ex- 
pensive. There  are  two  principal  ways 
of  attaining  great  mileage.  One  is  by 
using  a  large  battery.  The  other  is  by 
using  more  plates  in  a  small  battery.  A 
large  battery  adds  expense  for  size  and 
adds  weight.  A  driver  who  maintains  a 
60  cell  battery  where  a  30  cell  battery 
would  give  him  all  the  mileage  he  actu- 
ally needs  is  throwing  his  money  away. 

The  use  of  a  large  number  of  plates 
in  a  small  battery  produces  greater  mile- 
age, but  shortens  the  life  of  the  battery 
itself.  For  instance,  the  Pope-Waverley 
Company  made  some  interesting  experi- 
ments along  this  line  at  Indianapolis  re- 
cently. They  took  a  car  with  the  stand- 
ard 30  cell  battery,  and  by  using  15 
plates  instead  of  11  in  each  cell,  they 
made  142  miles  at  14  miles  per  hour, 
without  recharging  the  battery.  Using 
the  standard  11  plates,  this  same  car 
would  make  about  80  miles  per  battery 
charge — one  at  Denver  made  87  miles 
with  heavy  tires.  These  figures,  of 
course,  are  based  on  brand  new  bat- 
teries. After  the  newness  of  the  battery 
wears  off,  the  car  that  actually  ran  80 
miles  will  do  from  40  to  60  miles,  and 
it  is  easily  maintained  at  about  this  effi- 
ciency. 

Big  mileage  in  an  electric  car  is  spec- 
tacular, but  not  necessarily  important. 
The  thing  to  be  considered  is  the  way  in 
which  mileage  is  attained  and  the  ex- 
pense per  mile.  For  instance,  the  1 1 
plate  battery,  in  the  average  electric  car 
will  need  renewing.  The  15  plate  bat- 
tery is  much  shorter  lived,  so  that  the 
sensational  mileage  it  might  give  would 
be  rather  costly. 

The  kind  of  tires  used  makes  a  won- 
derful difference  in  electric  mileage. 
Experiments  show  that  light  "fast"  tires 
alone  will  increase  the  mileage  from  47 
to  87  per  cent,  depending  on  the  rate 
of  speed.  Light  tires  are  all  right  it  yon 
are  willing  to  pay  for  more  tires  ami 
run  more  risk  of  blow-OUtS  and  punc- 
tures. 


The  speed  at  which  a  car  is  driven 
makes  a  big  difference,  because  wind  re- 
sistance is  proportionally  a  larger  prob- 
lem at  high  speed  than  at  moderate 
speed.  The  spectacular  records  are  al- 
ways made  at  low  speed. 

The  much  talked  of  "hundred  miles  in 
an  electric"  has  already  arrived,  but  for 
the  reasons  above  given,  the  expense  per 
mile  for  such  travel  is  too  high  to  be 
practical.  The  only  thing  that  Edison 
can  probably  accomplish  with  his  now 
famous  battery-to-be,  would  be  to  reduce 
the  cost  per  mile  in  electric  vehicles.  It 
is  believed  any  of  the  standard  makes  of 
electric  automobiles  can  be  equipped 
with  the  Edison  battery  if  it  ever  reaches 
the  practical  stage. 

As  a  matter  of  fact,  the  present  mile- 
age of  electric  vehicles  is  more  than  suf- 
ficient for  the  purpose.  Probably  not 
more  than  one  electric  driver  in  a  hun- 
dred travels  more  than  35  miles  a  day. 
The  busiest  physicians  rarely  have  to  go 
more  than  25  miles  a  day. 

The  electric  of  today  with  standard 
equipment  and  heavy  tires,  insuring  long 
life  to  the  battery  and  low  cost  per  mile 
to  travel,  making  50  to  60  miles  on  a 
single  battery  charge,  is  more  than  able 
to  meet  every  reasonable  demand  upon 
it.  Anyone  who  wants  a  mileage  of 
over  100  miles  can  get  it  by  paying  the 
price  per  mile.  But  with  standard  dur- 
able equipment,  the  electric  of  today  is  a 
thoroughly  practical,  simple  and  inex- 
pensive vehicle ;  clean,  quiet,  stylish  and 
fast  enough  for  city  and  suburban  use. 

TELEPHONES      AND      ELECTRIC     LIGHTS 
FOR  THE  TURKS. 

One  quick  sign  of  the  times  in  Turkey 
is  the  absolute  removal  of  all  restrictions 
upon  the  importation  of  telephones  and 
electrical  apparatus.  This  has  follov 
fast  upon  the  granting  of  a  constitution. 
The  400,000  inhabitants  oi  the  historic 
city  of  Smyrna  expect  soon  to  indulge  in 
an  occasional  Turkish  "Hello."  and  it  is 
predicted  that  every  Turkish  city  of  any 
stee  will  install  a  system  just  as  soon  as 
contracts  can  he  made. 

Telephones   and   electric   light   are   the 
first,  and  most  natural  demand  of  a  p< 
pie  whose  wives  have  whispered  in  cur- 
tained    zenanas,     while    their    husbands 
gathered    in    secret    midnighl  aves 

through  so  many  years. 
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THE  ELECTRIC  MOTOR  IN  BONE  SURGERY. 

Before  the  electric  motor  was  added 
to  the  surgeon's  equipment,  most  of  the 
operations  were  performed  by  the  old 
chisel  and  mallet  plan,  and  by  hand  op- 
erated instruments.     The  advantages  to 


ations  on  the  mastoid,  on  the  temporal 
bone,  making  new  sutures  on  the  brain- 
case,  and  for  removing  necrosis  of  the 

maxillary  bones,  etc. 

The  motor  is  capable    of    developing 

one-fifth  horse  power  and  is  specially 
wound  for  the  purpose.  As  ac- 
curate speed  control  is  essential, 
a  suitable  regulator  is  provided 
which  is  mounted  in  the  base 
and  operated  by  the  handle 
shown  in  the  illustrations.  The 
various  cutting  tools  are  oper- 
ated by  a  flexible  shaft  con- 
nected directly  to  the  motor 
shaft.  A  special  hand  piece  is 
provided  for  holding  them,  and 
this  hand  piece  may 
,  r  be     easily     sterilized, 

t        which  is  an  important 
H  feature. 


be  derived  from  power  driven  cutting 
tools  are  apparent  even  to  the  layman, 
especially  in  such  operations  as  trephin- 
ing the  skull.  The  two  illustrations  show 
a  complete  motor  operated  outfit  for 
bone  surgery  and  one  of  the  applications 
which  may  be  made  of  it. 

The  engine  as  a  whole  is  well  adapted 
to  almost  all  operations  upon  the  bony 
structures.  It  is  at  all  times  under  per- 
fect control,  and,  in  the  hands  of  an  ex- 
perienced surgeon,  greatly  shortens  the 
time  of  and  simplifies  such  operations  as 
resection,  or  the  removal  of  necrotic  por- 
tions of  bones,  etc.  It  is  also  of  particu- 
lar advantage  in  cases  where  it  is  neces- 
sary to  open  the  brain  case  and  make 
fenestras  of  any  shape  or  size  as  in  oper- 


ELECTRIC  MOTOR  AND  -TTACHMEXTS 
FOR  BOXE  SURGERY. 
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There  are  all  kinds  of  cutting  instru- 
ments, as  shown  in  the  large  cut;  little 
drills  for  drilling  holes  in  bones  in  order 
to  wire  them  together,  trephines  for 
opening  the  skull,  burs  which  will  pene- 


5.  If  this  phone  is  not  in  a  suitable  position 
we  will  have  it  altered. 

6.  Please  scribble  on  the  walls,  as  they  need 
decorating  anyway.   • 

7.  Callers  will  kindly  stand  in  line,  and  not 
wipe  their  feet,  as  it  might  spoil  the  door  mat. 


SKULL    TREPHINING    WITH    ELECTRIC    DRIVEN    TOOL. 


trate   bone   very   readily,   spherical   burs 
for  trimming,  beveling  and  cleaning  cav 
ities,  etc. 


WHEN  USING  A  NEIGHBOR'S  TELEPHONE. 

There  are  a  great  many  pretty  nice 
people  who  would  not  think  of  borrow- 
ing their  neighbors'  money  or  good 
clothes  but  who  think  nothing  of  ''run- 
ning in"  to  use  the  telephone.  The  idea 
of  intruding  upon  a  man's  castle  and 
tracking  up  the  wife's  hall  carpet  with 
muddy  feet  never  occurs  to  them  as  be- 
ing inconsiderate,  says  the  Michigan 
State  Gazette,  yet  it  is  just  as  much  an 
imposition   as   anything  can   be. 

One  man  who  felt  that  he  was  being 
imposed  upon  drafted  the  following  set 
of  rules  and  had  them  neatly  printed  on 
a  card  which  he  posted  conspicuously  by 
the  telephone.  The  rules  were  as  fol- 
lows: 

1.  Neighbors  will  kindly  nolo  the  number  of 
this  telephone,  and  tell  all  their  friends  where 
il  may  be  found. 

'2.  This,  telephone  is  yours;  we  only  pay  the 
rentfor  it.  "It  is  more  blessed  to  give  than  to 
receive." 

Please  ring  the  door  bell  loudly  upon 
calling  and  retiring,  as  our  maid  needs  exer- 
cise. 

4.  Our  meal  hours  are  7  a.  m..  noon  and  6 
p.  m.  Kindly  arrange  to  disturb  us  at  me;d 
times. 


Long    distance    calls    are    our    specialty. 
Kindly  do  not  offer  to  settle. 

9.  Loud  and  long  conversations  desired  at 
all  times,  especially  at  midnight. 

10.  Make  all  the  noise  you  can,  in  order  to 
keep  the  baby  awake.  He  has  no  right  to  sleep 
anyway. 

11.  Please  do  not  destroy  the  telephone  di- 
rectory, as  it  and  the  Bible  are  the  only  books 
we  own. 

12.  Do  not  hesitate  to  ring  us  up  at  mid- 
night about  anything.  We  stay  awake  for  that 
purpose. 

13.  Do  not  consider  us  for  a  monent  if  you 
wish  to  use  the  phone.  We  will  wait  indefi- 
nitely. 

14.  The  public  telephone  close  by  is  only  a 
bluff.    Use  this  one  always. 

15.  Our  family  is  prohibited  from  using  the 
phone  except  between  6  and  7  a.  m.  Sundays. 

16.  These  rules  apply  to  everyone  except 
you. 


ELECTRIC   SCRUBBING   BRUSH. 

One  of  the  latest  electric  household 
utensils  is  a  machine  which  scrubs,  sand- 
papers, waxes  or  polishes  any  kind  of 
floor.  It  is  claimed  that  the  el 
scrubbing  brush  does  the  work  cleanly 
and  rapidly,  and  that  it  is  as  effective  in 
the  corners  as  in  the  middle  oi  the  floor. 
The  adjustable  parts  include  in  ad 
to  the  palmetto  scrubbing  brush,  a  steel 
wire  brush,  carborundum  stones  and 
bolder,  a  sheep's  fleece  polishing  pad. 
and  carborundum  paper  cut  ready  to  use. 


THE  NEW  YORK  ELECTRICAL  SHOW 


Of  all  the  various  exhibitions  or 
"shows,"  as  they  are  generally  called, 
which  are  held  to  familiarize  people  with 
the  advances  made  in  any  particular  in- 
dustry, the  electrical  show  is  without 
doubt  the  most  interesting-  to  the  general 
public.  Electricity  is  a  marvelous  force 
which  interests  everybody;  it  offers  ad- 
mirable opportunities  for  spectacular 
demonstrations,  and  the  advances  which 
are  being  made  in  its  application  and 
utilization  in  almost  every  walk  of  life 
are  so  rapid  that  it  is  no  wonder  that  peo- 
ple will  flock  to  an  exhibition  of  this  na- 
ture to  see  something  new  and  startling. 

The  Chicago  and  New  York  electrical 
shows  have  for  several  years  been  an  an- 
nual feature,  with  increasing  attendance 
each  year,  but  the  smaller  cities  have  also 
taken  up  the  idea,  and  shows  of  this  na- 


ture, on  a  smaller  scale,  have  been  held 
with  success  in  many  other  places. 

The  New  York  Electrical  Show  was 
held  this  year  on  October  3d  to  14th  in 
the  Madison  Square  Garden,  and  it  pre- 
sented a  brilliant  and  animated  scene. 
The  great  interior  of  the  building  was 
lighted  up  with  every  form  of  illuminant 
known  to  modern  electrical  science,  for  in 
the  general  illumination  and  in  the  ex- 
hibitors' quarters  were  to  be  found  flam- 
ing arc  lamps,  ordinary  arcs,  mercury 
vapor  lamps,  Nernst  lamps  and  all  of  the 
numerous  family  of  incandescent  fila- 
ment lamps  which  have  sprung  up  in  the 
last  few  years.  Prominent  among  the 
latter  was  the  new  tungsten  lamp,  which 
was  noticeable  for  its  remarkable  bril- 
liancy and  white  light. 

As  emphasized  by  Thomas  A.  Edison, 


AT  MADISON  SQUARE  GARDEN. 


the  show  this  year  had  a  double  signifi- 
cance, as  it  was  not  only  indicative  of 
the  degree  to  which  electrical  science  has 
been  developed  but  it  was  also  com- 
memorative of  the  beginnings  of  the 
science  which  were  centered  upon  the 
project  of  laying  the  first  Atlantic  cable 
just  half  a  century  before. 

The  illustration  herewith  gives  a  fair 
idea  of  the  scene  presented  by  the  in- 
terior of  Madison  Square  Garden  during 
the  two  weeks  that  electricity  held  sway. 
As  in  the  past  the  electric  light  com- 
panies were  the  largest  exhibitors  and  in 
the  case  of  the  New  York  show  there  are 
always  two — the  New  York  Edison  Com- 
pany and  the  Edison  Electric  Illuminat- 
ing Company  of  Brooklyn.  Clustered 
about  these  two  big  exhibits  were  exhib- 
its of  electrical  manufacturing  concerns, 


each  with  something  new  and  interesting 
to  show  the  visitor.  If  he  were  an  elec- 
trical engineer,  interested  perhaps  in  the 
newest  type  of  alternating  current  motor, 
it  was  there  for  him  to  inspect;  if  he 
were  a  butcher,  a  baker,  or  a  candlestick 
maker  there  was  sure  to  be  found  some 
electrical  device  that  would  fit  into  his 
business ;  for  the  housewife  there  were 
the  most  modern  electrical  kitchen  and 
household  appliances ;  for  the  boy,  fas- 
cinating electrical  toys  and  experimental 
electrical  equipments. 

Exhibitions  are  great  teachers  of  the 
human  race.  They  reach  all  classes  and 
impress,  with  object  lessons,  with  a  force 
that  mere  reading  cannot  accomplish.  So 
says  Thomas  Carlyle,  and  truly  these 
words  are  particularly  applicable  to  an 
electrical  show. 
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ARGUMENTS  FOR  ELECTROCUTION. 

There  has  been  considerable  discus- 
sion of  late  concerning  electrocution  of 
criminals,  some  contending  that  electro- 
cution does  not  actually  bring  death,  but 
simply  a  form  of  suspended  animation. 
However  this  may  be,  electrocution  has 
many  supporters,  and  there  are  many 
arguments  to  support  its  adoption. 

This  method  of  execution  has  just  been 
adopted  by  the  state  of  Virginia.  In 
that  state  the  authorities  believe  that  "the 
chair"  has  great  advantage  over  the  sher- 
iff's noose,  in  that  it  is  swift,  quiet  and 
mysterious.  With  the  negro,  who  con- 
stitutes so  large  a  proportion  of  the  crim- 
inal population  of  all  southern  states,  this 
argument  is  undeniably  important.  The 
excitement  and  the  general  hurrah-and- 
holiday  air  attending  the  old-time  hang- 
ing were  a  positive  allurement  to  the 
negro.  His  strong  theatrical  sense  rev- 
eled in  a  final  melodrama  in  which  he 
was  the  conspicuous  central  figure.  The 
electric  execution  wholly  does  away  with 
that.  The  time  set  for  turning  on  the 
death  current  is  unannounced,  the  public 
is  rigorously  excluded,  and  the  whole 
affair  is  conducted  with  secrecy  and  mys- 
tery, well  calculated  to  inspire  terror  in 
the  heart  of  the  superstitious  African. 


than  by  the  use  of  the  common  knife. 

It  is  further  claimed  for  the  instru- 
ment that  it  sterilizes  as  it  cuts,  requires 
no  sharpening  and  can  be  easily  cleaned. 


SURGEONS  ELECTRIC  KNIFE. 

Surgery  by  electricity  is  what  is  al- 
leged to  be  possible  with  a  remarkable 
electric  knife  just  devised  by  a  Berlin 
firm  of  medical  instrument  manufactur- 
ers. The  knife  is  now  undergoing  ex- 
haustive trials  at  the  hands  of  Professor 
Bier,  the  head  of  the  University  Sur- 
gical Clinic,  with  the  view  of  demon- 
strating its  efficacy. 

To  one  end  of  a  six  or  eight-inch  glass 
rod,  through  the  center  of  which  passes 
a  conducting  wire,  is  fastened  the  blade 
without  a  cutting  edge,  of  a  form  simi- 
lar to  that  of  the  commonly  used  surgical 
knives,  or  like  the  simple  probe.  A  high 
frequency  current  is  employed  and  when 
this  is  turned  on  a  noiseless  spark  half 
an  inch  long  appears  from  the  point  of 
the  knife  or  probe.  The  spark  incises 
the  soft  tissues  with  the  same  ease  as  a 
hot  knife  goes  through  butter,  without 
any  apparent  cauterization,  but  Professor 
Bier's  experiments  have  so  far  shown 
that  a  more  profuse  hemorrhage  ensues 


MILKING  COWS  BY  ELECTRICITY. 

The  process  of  milking  cows  by  any 
other  method  than  that  hitherto  em- 
ployed has  been  considered  as  an  im- 
possible, or  if  possible,  an  impracticable 
or  unprofitable  method.  The  fact,  how- 
ever, that  a  German  inventor,  Mr.  Wm. 
Ohlhaver,  of  Chicago,  has  constructed  a 
practical  cow  milker  which  he,  later  on, 
adapted  for  use  with  an  electric  mo- 
tor, more  than  convinces  the  most  skep- 
tical dairy  man  and  farmer  that  the 
machine  is  not  only  a  practical  possibility 
but  also  is  profitable  and  economical. 

Fig.  i  shows  one  of  the  new  electrical 
cow  milkers.  It  is  not  a  complicated 
and  delicate  machine,  and  it  is  manipu- 
lated with  little  cost  and  trouble.  One 
horsepower  of  electric  current  is  suffi- 
cient to  operate  eight  such  milkers.    The 


ELECTRIC  COW  MILKING'  MACHINE. 

whole  machine  can  easily  be  lifted  with 
one  hand  and  be  removed  from  the  pail. 
Each  machine  is  provided  with  an  elec- 
tric motor  which  may  be  removed  by 
simply  lifting  it  up  from  the  frame. 
There  is  no  danger  of  being  shocked. 
The  machines  are  almost  noiseless.  In 
Drder  to  milk,  it  is  necessary  to  plug  in 
the  contact  device,  whereupon  the  motor 
sets  to  work  the  four  alternately  sucking 
pumps. 
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One  of  the  greatest  advantages  of  the 
electric  milker  lies  in  the  fact  that  there 
is  absolutely  no  possibility  of  dirt  getting 
into  the  milk.  The  pail  is  closed  during 
the  operation,  the  only  entrance  being 
through  the  sucking  nipples. 

The  motor  in  each  outfit  drives  four 
little  vacuum  pumps,  one  for  each  nipple, 
and  the  pistons  of  these  pumps  are  oper- 
ated by  a  crank  shaft  with  four  arms 
set  at  the   proper  angle   to   operate  the 


Most  farmers  will  say  that  they  have 
no  electric  current  at  hand  in  order  to 
make  use  of  such  electric  milkei  s.  Those 
who  are  uncertain  as  to  the  cost  would 
do  well  to  inquire  what  an  investment 
would  be  necessary  to  install  an  electric 
plant  if  they  are  now  in  possession  of  a 
two  horse  power  gasoline  engine.  A 
one  kilowatt  dynamo  would  cost  them 
about  $50  and  the  wiring  from  $25  to 
$30.     Thus   the   complete   electric   plant 


ELECTRIC    COW    MILKERS    IN      OPERATION. 


pumps  successively,  instead  of  all  at  the 
same  time.  Fig.  1  shows  this  very  plain- 
ly- 

In  Fig.  2  is  illustrated  the  fact  that 
one  man  with  five  electric  milkers  is  able 
to  perform  the  work  of  five  men.  By 
the  time  the  nipples  are  set  on  the  fifth 
cow,  the  first  cow  is  almost  milked  out 
and  the  machine  may  be  removed  to  the 
sixth  cow.  As  will  be  seen  in  the  pic- 
ture the  two  wires  from  the  dynamo  fol- 
low the  top  of  the  stanchion.  Above  eacl 
cow  there  is  a  receptacle  into  which  the 
conducting  wires  from  the  milker  mav 
be  plugged.  The  installation  was  made 
by  Mr.  Arthur  E.  Joerin,  who  has  al 
ready  successfully  installed  a  number  oi 
electrical   farm  equipments. 


would  cost  them  about  $75  to  $85.  The 
cost  of  running  five  electric  milkers  and 
half  a  dozen  electric  lights  per  hour 
would  be  about  two  cents  or  less,  accord- 
ing to  the  make  of  the  gasoline  engine. 
With  such  an  electric  plant  the  farmer 
can  also  lig'ht  his  barn,  house  and  the 
rest  of  the  premises. 

The  time  is  now  approaching  when 
there  will  be  a  complete  change  in  farm 
and  dairy  work,  all  of  which  will  all  be 
done  by  electricity  sooner  or  later.  It 
is  beyond  doubt  that  the  farmer  who  now 
is  troubled  in  securing  farm  help  will,  in 
the  future,  milk  his  own  cows,  separate 
his  milk,  churn  his  butter,  make  his 
cheese,  grind  his  grain,  cut  his  fee/.,  etc  . 
all  by  electricity . 


LATEST  METHOD  OF  INDIRECT  ILLUMINATION. 


BY    AUGUSTUS    D.    CURTIS. 


Indirect  illumination  is  acknowledged 
by  all  who  make  a  study  of  artificial  in- 
terior illumination  as  the  most  aesthetic. 
This  form  of  illumination  having  the 
light  source  concealed  and  usually  de- 
pending upon  reflection  from  ceiling, 
walls  or  other  reflecting  sources  for  an 
even  illumination  of  the  room  has  hither- 
to been  limited  in  its  application,  owing 


FIG.  1.  INVERTED  REFLECTOR. 

to  the  great  loss  or  absorption  of  light 
after  leaving  its  original  source  before  it 
reaches  the  working  plane. 

Various  attempts  have  been  made  to 


FIG.  2.  SUSPENDED  TYPE  OF  REFLECTOR. 

solve  the  problem  and  there  are  a  con- 
siderable number  of  installations  in 
which  indirect  illumination  is  applied  in 
different  ways,  the  most  successful  here- 
tofore being  that  in  which  the  light  is 
hidden     behind     brackets     or     cornices 


around  the  edge  of,  and  the  light  reflect- 
ed towards  the  ceiling  of  the  room. 

Recent  developments  have  been  made 
along  this  line  which  have  resulted  in  the 
perfection  of  a  new  system  of  indirect 
illumination  which  is  brought  within  the 
reach  of  the  person  of  ordinary  means. 

The  successful  solving  of  this  problem 
and  its  practical  working  depended  upon 
two  things : 

First,  a  light  of  high  candle  power 
at  low  cost. 

Second,  a  reflecting  surface  that  would 
give  the  first  reflection  of  light  upward 
without  material  loss. 

Where  electricity  is  used,  the  high  ef- 
ficiency of  the  tungsten  lamp  proves  an 


FIG. 


3.     REFLECTOR    USING    VERTICAL 
LAMPS. 


ideal  source  of  light  for  this  indirect 
lighting  system.  The  intrinsic  brilliancy 
of  this  lamp  makes  inadvisable  its  use  in 
small  rooms  on  ordinary  chandeliers  be- 
cause of  the  blinding  effect. 

The  reflecting  surface  of  the  reflector 
surrounding  the  lamp  offered  no  difficul- 
ties, that  problem  having  been  solved  al- 
ready by  what  is  known  as  the  "X-ray" 
reflector,  a  somewhat  misleading  name. 
Reflectors  of  this  type  consist  of  a  single 
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piece  of  blown  glass  coated  on  the  out- 
side with  pure  silver,  giving  a  reflection 
of  remarkably  high  efficiency.  The  sil- 
vering is  protected  on  the  outside  by 
coats  of  elastic  enamel.     The  process  of 


FIG.    4. 


BEDROOM    15  FEET    SQUARE    ILLUMINATED   BY 
INDIRECT    SYSTEM. 


manufacture  differs  from  ordinary  mir- 
ror coatings,  but  is  not  made  public.  One 
of  these  reflectors,  as  adapted  to  the  new 
system  of  lighting  is  shown  in  Fig.   I. 

The  correct  shape  of  this  inverted  re- 
flector for  throwing  the  rays  of  light  to 
the  ceiling  without  shadows,  as  adopted, 
has  been  the  result  of  considerable  cal- 
culation and  experiment.  The  perfected 
design  is  of  a  bell  shape  and  contains  pe- 
culiar circular  and  vertical  corrugations. 
Being  fire  glazed  the  exposed  glass  sur- 
face is  easily  cleaned  with  a  soft  cloth. 

The  indirect  lighting  units  worked  out 
consist  of  this  scientifically  correct  bell- 
shaped  reflector,  fitting  in  a  spun  brass 
casing.  On  electric  fixtures  this  spun 
brass  casing  can  either  be  suspended  by 
chains  as  shown  in  Fig.  2  or  supported 
from  below,  as  is  the  case  of  gas  fix- 
tures. The  designs  also  permit  of  the 
use  of  a  vertical  instead  of  a  suspended 
lamp  as  seen  in  Fig.  3.  This  latter  form 
is  now  practicable  since  the  latest  tung- 
sten lamps  may  be  used  in  that   position. 

These  lighting  units  can  easily  be  in- 


stalled on  gas  or  electric  chandeliers  al- 
ready in  use.  Unless  the  chandelier 
arms  are  very  heavy,  it  can  be  applied 
on  any  electric  chandelier  where  the 
sockets  are  pendent,  as  the  arms  do  not 
cast  annoying  shadows 
on  the  ceiling  because 
the  light  comes  from 
so  many  directions  when 
passing  the  arms,  due  to 
the  corrugations. 

The  lighting  units 
should  be  at  or  near  the 
center  of  the  room, 
though  side  lights  can 
and  have  been  used  with 
satisfactory  results. 
Light  colored  walls  are 
not  essential,  as  most  of 
the  light  is  directed  to 
the  ceiling. 

Indirect  illumination 
is  not  only  more 
aesthetic,  but  even  en- 
ables one  to  see  better. 
While  it  is  true  that 
there  is  a  loss  of  light, 
another  factor  enters  to 
overbalance  this.  The 
more  easily  details  can 
be  seen,  the  more  effect- 
ive is  the  illumination. 
When  there  is  a  bright  naked  lamp  in 
front  of  the  eye,  the  pupils  contract 
and  therefore  the  eye  takes  in  less  of 
the  light  and  the  things  that  are  il- 
luminated are  not  seen  as  clearly  as 
with  less  light  and  a  wide-open  pupil. 
Hence,  the  fact  that  there  may  be  less 
light  with  indirect  illumination  does  not 
mean  that  we  see  less  clearly,  but  on  the 
contrary,  we  really  see  better.  Many 
are  of  the  opinion  that  we  are  suffering 
not  from  under  illumination,  but  from 
Over  illumination. 

These  units  can  of  course  be  arranged 
in  a  variety  of  ways,  Fig.  4  being  ;. 
ample  of  the  lighting  of  a  bedroom. 

The  fixtures  can  be  installed  in  sil  g 
units  or  multiples  thereof,  either  electric, 
gas   or  combinations   of  both,   and   it   is 
practical   to   illuminate   in   this  way,   no: 
only    residences,    but    halls    and    at 
riums. 

A   unit  oi  one   reflector  and   one    IOO- 
watt   tungsten  lamp  gives  a  beautiful  il- 
lumination   in    a    room    up    to     15 
square.      Tins    consumption    makes    the 
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cost  very  reasonable,  being,  at  the  usual 
cost  of  electric  current,  about  one-half 
to  one  cent  per  hour. 


COOLING  FURNACE  MEN  WITH  ELEC- 
TRIC FANS. 
Did  you  ever  see  a  man  at  work  in 
front  of  a  blast  furnace  or  over  the 
fiery  pits  where  crucible  steel  is  made? 
He  is  a  grotesque  figure,  swaddled  in  a 
great  bulky  suit  of  asbestos,  and  other 
heat  resisting  materials  over  which  wa- 
ter is  doused  at  frequent  intervals.     In 


ELECTRIC  FAN  FOR  FURNACE  MEN. 

spite  of  all  precautions,  and  regardless 
of  the  fact  that  men  who  perform  this 
work  become  inured  by  long  practice  to 
heat  that  would  shrivel  up  an  ordinary 
man  in  a  few  minutes,  the  work  is  ex- 
tremely trying  and  can  only  be  per- 
formed on  short  shifts  with  long  inter- 
vals for  rest  and  for  cooling  off. 

To  relieve  the  men  some  one  suggest- 
ed an  electric  fan  which  would  blow  a 
strong  current  of  air  over  them  while  at 


work  or  at  rest.  The  suggestion  result- 
ed in  the  design  of  a  special  pedestal  fan 
shown  in  the  accompanying  picture.  In 
one  large  steel  mill  there  are  about  30 
of  these  fan  equipments  in  use.  The 
motors  are  connected  direct  to  36  and 
48-inch,  six-blade  fans,  placed  on  col- 
umns four  to  10  feet  high. 


SCHEME  FOR  SHOW  WINDOW  LIGHTING. 

The  object  of  illuminating  shop  win- 
dows is  to  attract  the  attention  of  pass- 
ersby  and  cause  them  to  look  at  the 
goods  displayed.  This  object  is  accom- 
plished most  effectively  when  the  source 
of  light  is  entirely  concealed,  because 
then  the  whole  attention  can  be  concen- 
trated   on   the    contents   of   the    window 


SCHEME  FOR  SHOW  WINDOW  LIGHTING. 

and  the  eye  left  entirely  free  from  glare. 
One  method  of  effective  lighting  is 
shown  in  the  diagram.  The  lamps  are 
arranged  high  up  in  the  windows  and 
entirely  cut  off  from  the  vision  by  heavy 
fluted  glass,  which  also  diffuses  the  light 
perfectly.  The  scheme  is  used  effective- 
ly with  Carbone  and  Radiante  Economy 
arc  lamps,  two  new  types  of  lamps  which 
are  said  to  give  light  which  very  nearly 
approximates  daylight  in  color  values. 


POPULAR     ELECTRICITY 


493 


ELECTRIFICATION      OF      STEAM      RAIL- 
ROADS. 

The  prediction  that  the  railroads  will 
ultimately  come  to  the  electric  method 
of  .propulsion  as  a  matter  of  economy, 
safety,  convenience  and  necessity  is  no 
longer  regarded  with  the  skepticism  once 
prevalent. 

At  a  recent  meeting  of  the  Western 
Society  of  Engineers  in  Chicago  F.  A. 
Sager,  a  prominent  member  and  agent 
for  an  important  company,  stated  that 
the  railroads  will  have  to  spend  approxi- 
mately $5,000,000,000  within  a  few  years 
to  keep  up  with  the  increase  of  traffic. 
Bv  electrification  at  a  cost  of  $4,000,000 
they  would  increase  their  capacity  to 
such  an  extent  that  no  new  trackage 
would  be  needed.  This  conclusion  was 
reached  after  a   careful   review  by   Mr. 


i-J, 


;>> 


Sager  of  what  has  been  done  or  is  in 
the  way  of  accomplishment  by  the  New 
York  Central,  the  Baltimore  &  Ohio,  the 
Erie  and  other  railroad  companies  East 
and  West. 


EASY  LAMP  CHANGER. 

Incandescent  lamps  are  often  located 
in  almost  inaccessible  places,  as  in  high 
ceilings,  domes,  etc.  When  the  lamps 
are  to  be  taken  cut  and  changed  or 
cleaned  it  is  necessary  to  employ  some 
device  by  which  they  may  be  removed 
from  the  sockets.  The  Easy  Lamp 
Changer  fills  the  requirements.     It  con- 
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APPLICATION    OF    THE    EAS1    LAMP 
CHANGER. 


THE    EASY    LAMP   CHANGER 

sists  oi  wire  jaws,  protected  by  rubber  or 
like  substance,  which  fit  over  the  bulb. 
The   jaws   arc   attached    to   a    long   pole. 
so  that  the  operator  may  reach  the  lamps 
from  a  considerable  distance.    A  fl< 
member    holds    the    jaws    to    the 
which  may  be  pulled  over  bv  . 
shown   in  one  of  the  illustrations.     Tim 
permits  lamps  to  be  unscrewed  which  are 
at  right  angles  to  the  pole. 
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INTERIOR    OF   AN    ELECTRIC    "SPECIAL.' 


ELECTRIC  "SPECIALS." 

One  of  the  recent  develop- 
ments in  modern  electric  street 
car  service,  which  is  becoming 
very  popular  where  introduced, 
is  the  special  electric  trolley  car 
used  by  some  street  car  compa- 
nies for  special  service.  These 
cars  are  luxuriously  furnished 
and  rival  the  modern  Pullman 
in  appointment.  The  accom- 
panying illustration  of  one  of 
these  cars,  in  the  service  of  The 
Cincinnati  Traction  Co.,  shows 
the  comfortable  willow  chairs 
with  their  soft  upholstered  cush- 
ions, conveying  an  idea  of  the 
comfort  one  may  secure  while 
riding  through  the  streets  of  his 
own  city  in  one  of  these  special 
cars.  The  popularity  of  these 
modern  electric  cars  is  increas- 
ing rapidly,  and  the  half  dozen 
specials  of  the  Cincinnati  com- 
pany are  constantly  busy. 


MARCONI'S 

Guglielmo  Marconi,  inventor  of  the 
wireless  telegraph,  is  said  to  have  uttered 
the  following  prophecy : 

"There  will  not  always  be  steamships. 
They  will  pass  the  way  of  their  prede- 
cessors, and  before  long  we  shall  cross 
the  ocean  in  ships  run  by  electric  power. 

"There  will  be  no  coal  smoke,  no  sick- 
ish  odor  of  stale  steam,  no  blazing  cav- 
erns in  the  hold,  where  human  beings 
with  staring  eyes  and  blackened  faces 
sweat  their  lives  away  that  the  pulse  of 
the  engines  may  not  stop. 

"The  storage  battery  will  take  the 
place  of  coal  and  fire  and  water. 

"Instead  of  coaling,  the  great  ship  will 
quietly  and  cleanly  renew  its  batteries  at 
its  journey's  end,  and  if  coal  is  used  it 
will  be  far  from  the  linen  and  the  noses 
of  men. 

"In  time  coal  will  cease  to  be  our  only 
source  of  energy.  In  every  land  men 
of  science  are  patiently  studying  the 
problem  of  utilizing  the  energy  of  the 
sun — storing  it,  in  fact,  so  that  the  gen- 
eration of  electric  force  may  be  cheap- 
ened by  its  use  to  a  point  where  the  stor- 
age battery  on  a  large  scale  will  be  an 
economic  as  well  as  an  academic  pos- 
sibility. 


PREDICTIONS. 

"The  wasted  energy  in  coal  as  now 
used  may  in  the  interval  be  brought  to 
do  its  work  and  so  bring  about  the  mon- 
ster storage  battery  sooner  than  we  now 
expect. 

■  "But  sooner  or  later  we  shall  enslave 
the  sun's  rays  to  our  uses  as  we  have  the 
other  products  of  his  being." 


ELECTRICITY  CURES  LOCKJAW 

That  most  famous  product  of  the  state 
of  Missouri — the  mule — not  satisfied 
with  past  achievements,  has  broken  into 
science,  and  there  is  a  possibility  that  not 
only  quadrupeds  at  large,  but  mankind 
as  well  and  stockmen  in  particular,  will 
again  have  cause  to  bless  his  creation. 
It  came  about  this  way : 

There  had  been  many  deaths  from 
lockjaw  in  a  certain  brewing  company's 
stables.  One  day  a  valuable  mule  be- 
came afflicted  and  it  was  about  decided 
to  kill  the  animal,  when  the  engineer 
suggested  an  electric  treatment.  Con- 
tact plates  were  attached  to  the  mule's 
jaws  and  tail  and  a  120- volt  direct  cur- 
rent was  turned  on.  After  several  treat- 
ments reports  have  it  that  the  mule  was 
taking  his  regular  feed  of  oats  and  hay, 
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WIRELESS  BATTERY  HOLDER. 

Renewing  a  set  of  batteries  in  the 
Patterson  wireless  battery  holder  is  an 
operation  that  can  be  performed  as  eas- 
ily as  placing  so  many  incandescent 
lamps  in  sockets.     An  automatic  bridge 


of  his  work  at   Princeton.     This  is  the 
document  now  in  the  university  library. 


WIRELESS   BATTERY  HOLDER. 

in  each  cell  receptacle  permits  the  re- 
moval of  one  or  more  cells,  without  in- 
terrupting the  circuit. 

These  holders  are  adapted  to  automo- 
biles, boat  and  building  use. 


ORIGINAL     MANUSCRIPTS     OF     JOSEPH 
HENRY. 

In  one  of  the  locked  alcoves  of  the 
library  of  Princeton  University  is  a 
manuscript  volume  of  some  76  pages 
written  by  Prof.  Joseph  Henry,  the  fa- 
mous electrical  scientist,  giving'  an  ac- 
count of  his  researches  while  a  professor 
at  Princeton.  He  was  called  from  Al- 
bany to  the  chair  of  natural  philosophy, 
or  physics  as  it  is  now  called,  at  Prince- 
ton in  1832  and  remained  there  until 
1848,  during  which  period  he  made  some 
of  his  most  remarkable  anticipations  of 
modern  electrical  science  such  as  for  ex- 
ample wireless  telegraphy. 

In  1848  he  went  to  Washington  to  or 
ganize  the    Smithsonian    Institution    of 
which    lie    had    been    appointed    the    first 
secretary.     In  1876,  two  years  before  his 
death,  he  was  asked  to  write  an  account 


A  NEW  TEST  CLAMP, 

A  new  device  for  telephone  testing  is 
shown  in  the  accompanying  cut  and  is 
known  as  the  Williams  test  clamp.  The 
jaws  of  the  clamp  are  provided  with 
knurled  faces  for  fastening  to  bare  con- 
ductors. When  the  clamp  is  used  with 
insulated  wire  the  little  needles  on  the 
thumb  screw  penetrate  the  insulation 
and  make  perfect  contact  with  the  wire. 
The  pores  of  the  insulation  close  up  when 
the  clamp  is  removed,  and  no  taping  is 
necessary.  The  rear  end  of  the  clamp 
is  provided  with  jaws  for  grasping  one 
of  the  terminals  of  the  voltmeter  or  am- 
meter that  is  being  used  to  test  out  the 
circuit. 

Another  use  for  the  device  is  for  con- 
necting an  emergency  lamp.  Workmen 
in  dark  places  such  as  attics  and  base- 
ments often  find  insulated  lighting  wires 


A    NEW    TEST    CLAMP. 

but  no  lamp  sockets.  By  using  two  oi 
these  clamps,  one  connected  to  each  wire 
of  a  lamp  cord,  an  incandescent  light  can 
be  connected  to  the  house  wires  in  a  min- 
ute's time. 


CERIUM  FILAMENT  LAMP. 
A  patent  was  recently  issued,  cover- 
ing an  incandescent  lamp  filament  form- 
ed of  nitride  of  cerium.  It  is  claimed 
that  the  metal  cerium  when  at  a  red  heat 
has  the  remarkable  property  of  react- 
ing with  pure  nitrogen  and  thereby  form- 
ing a  nitride  which  has  a  metallic  lus- 
tre, and  is  a  good  electrical  conductor. 
In  this  reaction,  the  compound,  be- 
ing exothermic,  enormous  heat  is  gen- 
erated, which  makes  the  mass  under- 
going reaction  glow  with  a  brill 
equal  to  the  arc  light. 


AUTOMATIC  TELEPHONE  AND  ITS  OPERATION 


BY    F.    J.    TRUBY. 

The  average  person  who  has  ever  used  an  automatic  telephone  knows  that  a  few  mysterious 
passes  connects  him  with  the  desired  party.  Beyond  this  his  knowledge  does  not  extend.  The 
object  of  this  article  is  to  explain  in  as  simple  and  non-technical  a  manner  as  possible  how  the 
seeming  miracle  is  accomplished. 


Comparitively  few  know  that  the  prob- 
lem of  connecting  one  telephone  sub- 
scriber automatically  with  another  was 
developed  to  a  limited  extent  shortly 
after  the  invention  of  the  telephone.  To 
the  average  person,  whether  he  under- 
stands it  or  not,  it  seems  a  very  simple 
matter  to  signal  an  operator  and  request 


principle  involved  in  what  are  known  as 
the  Strowger  patents.  The  push  buttons 
(A)  and  (B)  represent  the  telephones 
of  two  subscribers.  The  two  pairs  of  me- 
tallic lines  from  (A)  and  (B)  are  car- 
ried to  the  exchange  wmere  they  termin- 
ate in  individual  switches.  These  switches 
by  means  of  electromagnets   enable  the 
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FIG.    1.     DIAGRAM    SHOWING   THE    PRINCIPLE    OF   THE  AUTOMATIC   TELEPHONE. 


her  to  connect  him  with  another  line.  If 
he  does  not  understand  the  method  he 
feels  that  he  can  understand  should  the 
inclination  to  do  so  ever  strike  him.  But 
that  a  few  mysterious  passes,  as  it  were, 
at  a  telephone  should  quietly  accomplish 
that  which  he  formerly  obtained  only 
through  the  medium  of  a  central  opera- 
tor does  not  inspire  him  with  the  same 
confidence  in  himself.  Of  the  simplicity 
with  which  this  is  done,  however,  there 
can  be  no  question,  as  may  be  seen  from 
the  study  of  the  schematic  drawings 
Figs.  I  and  2. 

Fig.   1   shows  in  a  simple  manner  the 


subscriber  to  impart  a  vertical  and  ro- 
tary motion  to  a  shaft  (C). 

Each  subscriber's  line  has  three  ter- 
minations. The  line  (a),  for  instance,  is 
connected  to  a  small  knife  switch  (b),  to 
a  "wiper"  or  contact  maker  (c)  on  the 
shaft,  and  to  a  contact  (d)  of  the  bank 
group  (D).  The  other  side  of  the  line 
(e)  is  connected  to  a  magnet  (P),  and 
likewise  to  a  wiper  and  a  bank  contact. 

As  shown  here  the  line  (a)  passes 
through  the  side  switch  (b)  in  one  po- 
sition to  the  magnets  (V),  in  another  po- 
sition to  the  magnets  (R).  This  side 
switch  is  shifted  from  one  position  to  the 
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other  by  the  magnet  (P).  All  the  mag- 
nets, it  will  be  seen,  are  connected  to  one 
side  of  battery  the  other  side  of  which 
is  grounded.  The  wipers  upon  the  shaft 
(C)  are  adapted  to  make  sliding  con- 
nection with  any  of  the  contacts  of  the 
bank. 

At  the  telephone  a  lead  from  ground 
is  carried  to  a  contact  which  permits  eith- 
er side  of  the  line  (a)  or  (e)  to  be 
grounded  by  the  subscriber  by  means  of 
the  two  push  buttons.     The  lines  from 
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upon  the  6th  position  of  the  third  bank 
row.  The  lines  of  the  two  subscribers 
are  now  connected. 

Should  (B)  desire  to  call  (A)  he  will 
select  in  a  similar  manner  the  third  con- 
tact of  the  seventh  row  in  his  bank  to 
a  multiple  of  which  the  lines  from  tele- 
phone  (A)   are  connected. 

By  this  arrangement  alone  the  number 
of  subscribers  is  necessarily  limited  to 
the  number  of  contacts  that  it  is  mechan- 
ically possible  to  bring  within  range  of 
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FIG.   2.     DIAGRAM    SHOWING  CONNECTION   OF  SWITCH   GROUPS. 


(B)  end  in  the  36th  pair  of  contacts 
of  the  bank  (D),  counting  in  horizontal 
rows.  That  is,  the  line  ends  in  a  pair  of 
contacts  which  is  number  (6)  in  the 
third  row  from  the  bottom. 

A  subscriber  at  (A)  who  wants  to 
talk  with  one  at  (B)  will  first  ground  the 
line  (a)  three  times  by  pressing  the  push 
button  connected  with  that  line.  Each 
time  that  he  grounds  the  line  the  vertical 
magnet  (V)  is  energized  and  by  attract- 
ing its  armature  raises  the  shaft  one  step. 
In  this  way  the  line  wipers  are  brought 
opposite  the  third  row  of  bank  contacts. 
The  other  side  (e)  of  the  line  is  then 
grounded  once  which  results  in  magnet 
(P)  pulling  the  side  switch  (b)  into  its 
second  position.  This  connects  the  first 
side  (a)  with  the  rotary  magnets  (R). 
Again  grounding  the  line  (a)  the  requi- 
site number  of  limes.  In  this  instance  6, 
the  rotary  magnet   (R)   turns  the  shaft 

(C)  around   until   the  line  wiper  rests 


the  line  wipers.  There  are  as  many 
switches  and  sets  of  banks  as  there  are 
subscribers.  The  contacts  of  the  banks 
in  each  set  are  connected  to  the  corres- 
sponding  contacts  of  every  other  set. 
The  multiples  are  brought  out  to  a  ter- 
minal strip  where  connection  with  the 
various  lines  are  made.  By  the  addition 
of  a  few  simple  relays  a  ringing  circuit 
is  provided,  a  release  for  restoring  the 
switch  after  the  conversation  is  complet- 
ed, a  release  from  a  busy  contact  and  a 
signal  to  the  calling  subscriber  that  the 
line  is  already  engaged,  and  a  "central 
energy"  current  for  energizing  the  talk- 
ing line. 

So  far  the  number  of  subscribers  able 
to  communicate  with  one  another  is  \ 
limited.     Of  course  there  may  be  many 
groups  oi  this  kind,  but  each  group  must 
necessarily    be    isolated    from    th< 
unless  some  means  of  COnnec  1  be 

devised.      This   problem 
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FIG.    3.     FRONT    OF    SWITCH    BANK. 

solved.  By  treating  each  group  as  a  sub- 
scriber, groups  may  be  selected  just  as 
individual  subscribers  were  selected.  For 
instance,  36  now  instead  of  leading  to  a 
subscriber's  station  may  only  connect  the 
calling  subscriber  with  a  connector  in  the 
36th  group  of  subscribers  to  which  the 
person  wanted  belongs.  From  this  con- 
nector the  subscriber  then  makes 
his  call  in  the  usual  manner.  To 
carry  out  his  method  throughout, 
however,  without  modification  would 
not  only  be  too  expensive  to  be  practi- 
cable but  would  also  require  an  impos- 
sible amount  of  space  in  a  large  ex- 
change, since  each  subscriber  in  addi- 
tion to  the  individual  switch  to  which  his 
line  is  first  attached  would  require  a  sim- 
ilar switch  in  each  group.  The  difficulty 
is  easily  overcome  by  employing  the 
principle  of  the  automatic  selection  of 
trunks.  Only  a  certain  percentage  of  sub- 
scribers are  conversing  at  one  time.  If 
judicious  distribution  of  subscribers  into 
groups  is  employed  this  percentage  for 
any  group  rarely  exceeds  20.  The  only 
automatic  system  used  extensively  at  the 


present  time  employs  a  unit  of  100,  that 
is,  the  bank  of  contacts  allotted  to  a  con- 
nector switch  contains  100  pairs  of  line 
contacts,  as  illustrated  in  Fig.  1,  taking 
care  of  100  subscribers.  An  exchange  of 
1,000  is  thus  made  to  consist  of  10 
groups  of  100  each,  an  exchange  of  10,- 
000  of  10  groups  of  1,000,  etc.  These 
units  of  100  instead  of  consisting  of  100 
connectors  are  equipped  with  100  indi- 
vidual line  switches.  These  switches  are 
of  very  simple  construction  and  give  a 
subscriber  automatically  one  of  ten  con- 
nectors as  soon  as  he  removes  his  re- 
ceiver. Connection  between  the  subscrib- 
er's line  and  the  trunk  is  accomplished 
by  means  of  a  plunger  on  the  line  switch, 
which,  when  not  in  use,  is  always  kept 
directed  to  a  vacant  trunk  by  a  master 
switch.  The  same  number  of  subscrib- 
ers are  now  reached  over  these  ten 
trunks  which  lead  to  ten  connectors  as 
were  reached  when  each  subscriber  was 
provided  with  an  individual  connector. 

In  order    now    to    pick    out  hundred 
groups  the  ten  trunks  from  a  group  of 


FIG.    4.     BACK    OF    SWITCH    BANK. 
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ioo  line  switches  are  carried  to  ten  select- 
ors. These  selectors  are  provided  with 
the  same  kind  of  banks  as  the  connectors, 
namely  ioo  pairs  of  contacts  arranged  in 
ten  vertical  rows  so  as  to  be  engaged  by 
line  wipers  attached  to  the  ten  trunks 
from  the  individual  line  switches.  Each 
level  in  a  first  selector  bank  represents  a 


SUBSCRIBER'S    AUTOMATIC 
TELEPHONE    SET. 

one  hundred  group  and  the  ten  pairs  of 
contacts  in  the  row  are  the  terminals  of 
the  ten  trunks  assigned  to  that  group. 
This  scheme  it  will  be  seen,  enables 
the  subscriber  to  reach  any  one  of  a 
thousand.  In  an  exchange  of  1,000, 
then,  there  will  be  ten  groups  of  ioo 
subscribers,  each  ioo  group  being  equip- 
ped with  10  connectors,  10  selectors  and 
ioo  line  switches. 

After  the  subscriber  is  placed  in  con- 
nection with  his  selector,  just  as  he  was 
previously  attached  to  his  connector,  he 
picks  out  the  group  wanted  by  raising  his 
line  wipers  to  the  required  level.  He 
does  this  in  the  regular  manner  by 
grounding  one  side  of  his  line  a  certain 
number  of  times.  On  then  imparting  to 
the   other   side   one    ground    impulse    the 


rotary  magnets  of  his  selector  carries  his 
wipers  to  the  first  pair  of  contacts.  It 
may  be  that  several  other  subscribers 
from  his  own  group  are  using  trunks  on 
this  level.  In  this  case  the  first  trunks 
will  be  busy  and  the  wipers  will  rotate 
automatically  without  the  knowledge  of 
the  subscriber  until  they  reach  a  vacant 
trunk  where  they  will  stop.  If  subscrib- 
er No.  36  of  Fig.  1  now  belongs  to  the 
eighth  hundred  group  his  calling  number 
will  be  836. 

If  the  exchange  is  designed  to  accom- 
modate 10,000,  a  first  selector  will  be 
used  to  pick  a  thousand  group,  a  second 
selector  to  pick  a  hundred  group  in  that 
particular  thousand,  and  a  connector  to 
pick  out  the  particular  subscriber  of  that 
hundred.  The  calling  number  will  thus 
consist  of  four  figures.  Every  time  an 
exchange  is  multiplied  by  10  in  this  man- 
ner an  additional  selector  will  be  re- 
quired and  the  calling  number  will  be  in- 
creased by  one  digit. 

Fig.  2  represents  in  a  diagramatc  man- 
ner three  one-hundred  groups  in  an  ex- 
change  of   1,000. 

At  (A)  the  subscribers'  lines  are 
shown  entering  the  cable  (a)  at  the  ex- 
change. This  cable  leads  to  the  100  in- 
dividual line  switches  (b)  of  which  10 
are  here  shown.  The  line  switch  plunges 
in  on  one  of  the  ten  trunk  lines  (c)  lead- 
ing to  the  selectors  (d).  If  a  subscriber 
in  the  first  hundred  group  (A)  desires 
to  call  a  subscriber  in  the  third  hundred 
(C),  after  raising  the  wipers  of  his  se- 
lector (d)  to  the  third  bank  level,  the 
selector  automatically  chooses  one  of  the 
10  trunks  (e)  leading  to  (C).  Operating 
his  connector  he  then  picks  out  on  the 
connector  banks  the  particular  line  {i) 
which  belongs  to  the  called  subscriber. 

Instead  of  a  push  button  for  giving 
the  impulses  a  dial  is  used  as  in  the  cut 
of  the  wall  telephone,  big.  5.  The  dial 
is  operated  by  putting  the  finger  in  the 
hole  opposite  some  particular  digit,  pull- 
ing it  around  to  a  stop,  and  releasing. 
The  dial  on  returning  to  its  original  po- 
sition imparts  to  the  line  at  regular  in- 
tervals ground  impulses  corresponding  to 
the  number  pulled.  To  call  a  number 
such  as  365,  the  finger  is  placed  suc- 
cessively opposite  these  nun:'  1  - 
time  pulling  the  dial  to  the  stop  and  re- 
leasing.     After   grounding   the   line,   bv 
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FIG.    6.     INTERIOR    OF   AN   AUTOMATIC   TELEPHONE  EXCHANGE. 


pressing  a  button  the  bell  of  the  called 
subscriber  is  operated. 

Fig.  6  is  a  view  in  the  exchange  of  the 
Independent  Telephone  Company  of 
Omaha,  Neb.,  showing  the  switch  banks. 

The     system     is     beautifully     simple. 


Seemingly  complex  at  first  sight  because 
the  mind  is  not  able  to  grasp  at  once 
the  uniformity  existing  throughout,  it  is 
not  long  until  wonder  at  its  complexity 
is  changed  to  amazement  at  its  sim- 
plicity. 


ADAPTABILITY  OF  THE  TUNGSTEN 
LAMP. 

The  new  tungsten  lamp  is  one  of  the 
most  economical  electric  incandescent 
lamps  so  far  devised.  It  should  be  borne 
in  mind,  however,  that  for  purposes  of 
illumination  where  it  is  to  be  moved  or 
jarred  in  any  way  the  tungsten  lamp  is 
impracticable,  owing  to  the  fragility  of 
the  filament.  For  instance,  at  a  recent 
street  fair  in  a  western  state  an  attempt 
was  made  to  light  a  small  Ferris  wheel 
with  these  lamps,  and  250  of  them  were 
used  for  this  purpose.  They  were  of  32- 
candle  power  each  and  represented  an 
expenditure  of  several  hundred  dollars. 
The  first  night  that  they  were  put  in  op- 
eration the  filaments  were  all  broken  af- 
ter a  few  revolutions  of  the  wheel. 

A  little  more  knowledge  of  the  charac- 
teristics of  the  tungsten  lamp  and  the 
range  of  its  adaptability  would  have 
saved  the  consumer  a  considerable  sum 
of  money. 

The  tungsten  lamp  is  looked  upon  by 
many  as  the  coming  incandescent  lamp, 
but  there  are  still  limits  to  its  adaptability. 


TELEGRAM  WENT  TOO  FAST. 

People  often  complain  of  delayed  tel- 
egrams, but  when  delivery  is  made  in 
record  time  it  is  accepted  as  a  matter 
of  course.  A  gentleman  in  Richmond, 
Va.,  recently  sent  a  telegram  of  35  words 
to  Washington,  and  15  minutes  later 
had  urgent  reason  for  desiring  its  non- 
delivery. The  manager  of  the  Rich- 
mond office  did  all  in  his  power  to  recall 
the  message  immediately,  but  without 
avail.  The  record  of  the  Washington 
office  shows  that  the  message  was  deliv- 
ered to  the  addressee  in  Washington  16 
minutes  after  it  was  filed  by  the  sender. 


RAISING  TOMATOES  BY  ELECTRICITY. 

James  Heston,  a  gardner  in  Kings 
Wells,  Ontario,  is  said  to  have  obtained 
excellent  results  in  raising  tomatoes  un- 
der the  influence  of  electricity.  While 
the  plants  were  still  young  they  were 
daily  submitted  to  charges  of  electricity 
from  an  induction  coil.  The  fruit  plants 
thrived  under  this  treatment,  and  the 
fruit  was  superior  to  that  grown  under 
ordinary  conditions. 
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THE  QUARTZ  LAMP   AND   ITS   APPLICA- 
TIONS. 

The  quartz  lamp,  invented  by  Dr. 
Kiich  of  Hanau,  Germany,  was  originally 
designed  for  medical  work.  In  principle 
it  consists  of  the  concentration  of  an  arc 
formed  between  mercury  electrodes  with- 
in a  short  illuminating  tube  of  so-called 
quartz  glass  (mountain  crystal),  a  ma- 
terial not  easily  brought  to  the  melting 
point.    This  is  somewhat  on  the  principle 


THE    QUARTZ    LAMP. 

of  the  Cooper-Hewitt  or  mercury  vapor 
lamp.  In  one  of  the  illustrations  are  seen 
the  chief  parts  of  the  quartz  lamp. 

The  illuminating  tube  of  quartz  glass 
carries  on  each  end  a  pole  vessel  of  the 
same  material  and  containing  the  mer- 
cury electrodes.     The  fan-shaped  bodies 


THE  QUARTZ  LAMP  ILLUMINATING  A 
STORAGE  YARD. 

are  for  radiating  the  intense  heat  gener- 
ated at  the  poles.  Current  enters  one  end, 
passes  through  the  vapor  of  mercury, 
which  collects  in  the  body  of  the  vacuum 
tube,  and  passes  out  at  the  other  end. 
The  mercury  vapor  is  heated  to  incan- 
descence by  the  passage  of  the  current. 
On  account  of  its  special  qualities  the 


quartz  lamp  is  adapted  to  lighting  ex- 
tensive spaces,  of  large  shops,  for  in- 
stance, where  fine  work  must  be  done. 
Large  halls,  switching  yards  of  railroads, 
also  manufacturing  plants  of  a  certain 
kind  and  for  advertising,  furnish  a  field 
for  the  new  lamp.  One  of  the  illustra- 
tions shows  three  of  the  lamps  in  use 
in  a  storage  yard  and  gives  a  good  idea 
of  the  brilliancy  of  the  lights. 


A  HOME  MADE  VOLTAGE'  REGULATOR, 

To  the  Editor  Popular  Electricity: 

I  am  sending  you  a  description  of  a 
little  device  which  helped  me  out  of  a 
bad  fix  and  perhaps  it  will  benefit  some 
of  your  many  readers.  We  have  a  20 
kilowatt  generator  coupled  to  a  25 
horsepower  gas  engine  and  the  gover- 
nors on  the  gas  engine  are  not  very  sen- 


CONNECTIONS  FOR  HOME  MADE  VOLTAGE 
REGULATOR. 

sitive.  I  had  a  lot  of  trouble  with  the 
voltage  varying  under  different  loads. 
the  loads  fluctuating  rapidly  anywhere 
from  one  to  20  horsepower ;  so  I  finally 
built  the  regulator  described  below. 

In  the  diagram.  (A)  is  a  solenoid 
whose  terminals  (F)  and  (G)  are  con- 
nected to  the  mains  from  the  general 
having  a  32  candle  power  light  in  series. 
(B)  is  the  core,  fastened  to  a  rocker 
arm,  pivoted  at  (C)  and  carrying  on  the 
other  end  a  platinum  point  (D),  which 
under  normal  conditions  rests  in  cup 
(E)    filled    with    mercury. 

The  height  of  the  arm  is  regulated 
by  the  spring  (L)  and  screw  (M),  The 
coils  (i),  (2),  (3),  (4)  and  (5)  are  re- 
sistance coils,  made  of  German  silver 
wire. 

The  wires  (H)  and  (I)  lead  from  the 
fields  of  the  generator  and  are  ordinarily 
attached  to  the  field  rheostat,  which  same 
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may   be   left  in   series   with  the   regula- 
tor.' 

When  the  generator  is  first  started  up 
the  point  (D)  rests  in  the  mercury  cup 
and  the  current  from  the  fields  takes 
the  path  (I),  (E),  (D),  (N),  (H).  The 
voltage  can  be  regulated  by  the  field 
rheostat,   and   the   spring    (L)    must   be 
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HOME  MADE  VOLTAGE  REGULATOR. 

adjusted  so  that  the  point  (D)  will  just 
touch  (E).  Now  it  will  be  readily  seen 
that  any  rise  in  the  voltage  caused  by  a 
sudden  removal  of  the  load  or  a  change 
of  speed  in  the  generator,  will  cause  a 
harder  pull  on  the  core  (B),  thereby 
raising  the  point  (D)  from  its  connec- 
tion with  (E).  As  soon  as  this  hap- 
pens the  current  from  the  fields  takes 
the  path  (I),  (O),  (5),  (4),  (P),  (H), 
thereby  placing  resistance  in  the  field 
circuit,  which  of  course  causes  the  volt- 
age to  drop  back  to  its  proper  value. 
Any  number  of  coils  can  be  cut  in  by 
changing  the  connections  of  (H)  and 
(N)  farther  to  the  left.  In  the  diagram 
only  two  coils  (4)  and  (5)  are  in  use.  I 
have  had  this  little  device  in  use  for 
about  three  months  and  it  has  given 
perfect   satisfaction   so   far. 

Carey  Smith. 
Kansas  City,  Mo. 


HOLY  CITY  OF  MEDINA  AND  THE  TOMB 

OF  MAHOMET  INVADED  BY 

ELECTRICITY. 

Of  all  the  surprises  which  the  East  has 
sprung  upon  the  West  of  late,  none 
seems  more  incredible  than  that  the 
Holv  City  of  Medina  has  been  invaded 


by  the  railroad,  and  that  the  Tomb  of 
Mahomet  is  now  illuminated  by  electric- 
ity. Such,  however,  is  the  case.  The 
Medina  section  of  the  Hedjaz  railway 
was  opened  recently  and  on  the  same  oc- 
casion the  lighting  of  the  sanctuary  by 
electricity  was  inaugurated. 


OVERCOMING    NOISE    AND     VIBRATION 
IN  MOTORS. 

In  many  cases  it  is  necessary  in  op- 
erating dynamos,  motors  and  motor-gen- 
erators to  do  away  as  far  as  possible 
with  all  noise  and  vibration.  The  ac- 
companying illustration  shows  a  method 
of  motor  support  of  an  English  de- 
signer for  accomplishing  this  result 
which   is   said  to  have   worked   success- 


MOTOR  MOUNTING. 


fully.  It  consists  of  steel  springs 
mounted  on  a  table  or  bench  for  sup- 
porting the  common  base  of  the  motor 


and  generator. 


ELECTRIC  ORGAN. 

Electricity  has  entered  a  new  field  and 
now  threatens  to  supplant  one  more  of 
the  old  "standbys."  Through  the  genius 
of  a  Pennsylvania  man  we  now  have  the 
electric  organ,  in  which  a  series  of  vi- 
brators take  the  place  of  the  reeds  that 
have  been  used  for  so  many  years.  These 
vibrators  are  tuned  in  perfect  harmony 
and  so  far  as  sound  goes  cannot  be  told 
from  the  reeds.  Series  of  switches  and 
magnets,  which  may  be  worked  sepa- 
rately or  in  concert,  operate  the  whole. 
The  organ  is  played,  as  is  any  of  the  old- 
stvle  instruments,  from  a  keyboard. 


ELECTRICAL  MEN  OF  THE  TIMES. 

GEORGE  WESTINGHOUSE. 


One  of  the  most  interesting  characters 
in  the  industrial  world  today  is  Mr. 
George  Westinghouse.  In  this  age  of 
wonderful  achievement  his  name  stands 
in  the  first  rank  as  an  inventor,  an  or- 
ganizer, a  financier  and  an  active  man- 
ager of  great  enterprises.  Mr.  Westing- 
house  possesses  in  an  eminent  degree 
those  qualities  that  have  characterized 
the  great  military  commanders  of  his- 
tory, and  he  has  car- 
ried into  the  realms  of 
invention  and  manu- 
facture the"  same  mas- 
terful spirit  that  has 
won  the  great  battles 
of  the  world. 

The  air-brake,  from 
its  wide  application 
and  revolutionary  ef- 
fect upon  transporta- 
tion methods,  has  per- 
haps directed  the  at- 
tention of  the  general 
public  to  Mr.  West- 
inghouse, its  inventor, 
more  than  any  one 
thing.  But  in  the 
great  field  of  electric- 
ity he  is  none  the  less 
one  of  the  most  im- 
posing figures. 

He  early  recognized 
the  wonderful  possi- 
bilities of  electricity 
and  began  making  ex- 
periments. Then  he 
pany  for  the  manufacture  of  electrical 
apparatus.  The  direct  current  system  of 
generating  electricity  had  too  many  lim- 
itations and  his  keen  foresight  saw  the 
possibilities  for  a  much  broader  field 
with  the  alternating  current  system,  so 
in  the  face  of  many  adverse  conditions 
and  despite  the  protests  of  his  warmest 
friends  he  undertook  its  development. 
The  wide  application  of  the  alternating 
current  system  today  and  the  many 
achievements  that  it  has  made  possible 
attest  the  soundness  of  his  judgment 
Though  but  22  vears  old.  the  Westing- 
house  _  Electric  &  Manufacturing  Com- 
pany is  today  one  of  the  largest  manu- 
facturing institutions  in  the  world. 


formed 


a    com- 


In  all  there  are  23  different  companies 
scattered  throughout  the  world  in  which 
Mr.  Westinghouse  is  the  dominant  spirit. 
To  direct  their  affairs  requires  a  man  of 
great  force  and  activity  and  such  is  Mr. 
Westinghouse.  He  is  all  activity  and  he 
makes  his  activity  count.  He  is  not  only 
active  as  the  head  of  these  different 
companies,  but  he  is. active  in  mechanical 
research  as  well,  and  the  working  out  of 
the  ideas  that  find 
their  inception  in  his 
brain  keeps  no  small 
force  of  engineers 
busy. 

George  Westing- 
house was  born  in 
Central  Bridge,  Scho- 
harie Count v,  X.  Y.j 
October  6,  1846.  He 
was  educated  in  the 
public  and  High 
School  and  Union 
College.  He  served  in 
the  U.  S.  Volunteers 
(12th  N.  Y.  National 
Guard  and  16th  N.  Y. 
Cavalry),  and  as  as- 
sistant engineer  in  the 
United  States  Navy. 
His  great  work  as  an 
engineer  and  organiz- 
has  won  him  the  rec- 
ognition, among  the 
honors  that  h  a  v  e 
been  bestowed  upon 
him  being  the  decorations  by  the  Legion 
of  Honor,  Royal  Crown  of  Italy  and 
Leopold  of  Belgium.  He  was  second  re- 
cipient of  the  John  Fritz  medal,  is  honor- 
ary member  of  the  American  Society  of 
Mechanical  Engineers,  honorary  member 
of  the  American  Association  for  Ad- 
vancement of  Science  and  of  the  Na- 
tional Electric  Light   Association. 

It  goes  without  saying  that  Mr.  West- 
inghouse's  great  genius,  foresight,  act 
ity    and    ability    to    overcome    obstac 
have  been    the   means   of   producing   for 
him  wealth,  but  there  are  few  to  wh 
wealth  in  the  abstract  means  less  than  it 
does  to  him.     To  him  it  is  but  the  me- 
dium  that    permits   the   un 
cise  oi  his  talents. 
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THE  AUROPHONE. 

The  Aurophone  is  a  scientifically  con- 
structed instrument  designed  to  assist 
partially  deaf  persons  to  hear.  It  works 
on  the  principle  of  the  telephone,  and 
consists  of  a  sound  transmitter,  or  arti- 
ficial ear,  a  receiver,  or  ear-piece,  and  a 


THE    AUROPHONE. 

battery,  the  three  being  connected  elec- 
trically so  that  the  sound  waves  striking 
the  transmitter  are  conducted  in  a  magni- 
fied form  to  the  ear-piece. 

The   transmitter   and  batterv   may   be 


directly  connected  to  one  another,  or  the 
battery  may  be  detached  from  the  trans- 
mitter, so  that  the  transmitter  can  be 
worn  pinned  to  the  front  of  the  coat  or 
dress  and  the  battery  placed  in  the  hip 
pocket  or  waist,  or  in  a  bag  carried  a: 


THE   AUROPHONE  IN-    THE   HOME. 

the  belt;  the  transmitter  and  battery  are 
then  connected  by  a  special,  easily  ad- 
justed cord. 

When  in  use,  the  instrument  is  no 
more  conspicuous  than  an  eye-glass. 

The  ear-piece  can  be  held  firmly  to  the 
ear  by  means  of  a  light  headband,  thus 
giving  the  wearer  the  free  use  of  both 
hands,  to  work,  eat  or  play.  A  telescopic 
handle  can  also  be  used  for  holding  the 
ear-piece. 

A  special  adaptation  of  the  Aurophone 


AEROPHONE    WITH    TELESCOPE    HANDLE. 


OPERA    AND    DESK    SET. 
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is  the  opera  and  desk  set,  which  is  espe- 
cially adapted  for  office  work,  church, 
theater  and  lectures.  It  is  made  in  vari- 
ous strengths,  the  same  as  the  other 
types.  It  is  small  in  size,  measuring  five 
inches  high,  three  and  one-fourth  inches 
wide  and  four  and  one-half  inches  deep. 
Being  about  the  size  of  a  small  camera, 
it  is  portable  and  weighs  one  and  three- 
quarters  pounds. 


pictures     show     the     havoc     that     was 
wrought  by  the  accident. 


EFFECTS  OF  A  BURSTING  FLY  WHEEL. 

The  "explosion"  of  the  great  flywheel 
in  the  plant  of  the  Keokuk  (Iowa)  Elec- 
tric Railway  and  Power  Company  recent- 
ly was  a  remarkable  illustration  of  dy- 
namic force.  -The  accident,  in  which  the 


engineer  of  the  plant  lost  his  life,  oc- 
curred at  night,  and  the  /oar  like  the 
explosion  of  a  steam  boiler  was  heard 
throughout  the  city.  Immense  masses  of 
iron,  some  of  them  weighing  1,200 
pounds,  were  carried  a  distance  of  over 
400  feet.  One  of  these  fragments  struck 
a  frame  house  near  by,  partially  wreck- 
ing  the   structure.      The    accompanying 


ELECTRIC  HEATING  PAD  FOR  NURSERY 
AND  SICK  ROOM. 

Think  of  the  comfort  to  be  derived 
from  the  electric  heating  pad,  woven  of 
finest  camel's  hair  and  to  be  handled  like 
an  ordinary  cushion.  Compare  it  with 
the  old-fashioned  hot  water  bottle  for 
nursery  use  and  for  the  sick  room. 

The  current  consumption  of  the  heat- 
ing pad  is  about  the  same  as  that  of  a 
sixteen  candlepower  incandescent  lamp. 
It  is  provided  with  a  flexible  cord  and 
plug  like  a  portable  lamp,  and  a  regulat- 
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ELECTRIC     HEATING     PAD 
NURSERY. 

ing  switch  makes  it  possible  to  increase 
the  uniform  generation  of  heat  within 
the  bed  at  three  stages,  up  to  the  maxi- 
mum of  80  degrees. 

Just  consider  what  it  means  to  the  pa- 
tient, that  this  cushion,  having  no  weight 
to  speak  o\.  and  at  the  same  time  being 
highly  flexible,  can  be  adjusted  to  any 
part  of  the  body  that  may  be  in  especial 
need  of  warmth. 

The  electric  current  flows  uninterrupt- 
edly through  the  heating  coils  from  the 
moment  it  is  turned  on.  and  the  cushion 
need  not  be  re-heated, 


IN  THEr 


HOUSEHOLD 


ELECTRIC  LIGHTED  BIRTHDAY  CAKE. 

What  can  I  do  that  will  be  a  little 
different?  This  question  comes  up  ev- 
ery time  a  home  entertainment  of  any 
kind  is  being  planned.  The  next  time 
you  have  a  birthday  party  why  not  have 
an  electric  lighted  birthday  cake  as  the 
piece  de  resistance  at  the  celebration. 


ELECTRIC    LIGHTED    BIRTHDAY    CAKE. 

The  cake  shown  herewith,  and  de- 
scribed in  the  "Electric  City,"  gives  an 
idea  of  the  unique  and  artistic  effect 
that  may  be  produced.  It  was  nearly 
20  inches  high  and  the  number  of  lights 
indicated  the  age  of  the  young  woman 
in  whose  honor  the  party  was  given. 

This    masterpiece    of   modern    art    in 


pastry  had  concealed  in  its  center  a 
wooden  core  through  which  the  electric 
wires  were  run,  the  current  regulator  be- 
ing fastened  to  the  base  plate  of  the 
cake.  The  light  streamed  out  through 
multi-colored  miniature  lamps,  such  as 
are  now  used  to  so  great  an  extent  in 
Christmas  tree  lighting.  The  frosting 
was  white,  and  the  ornamentation  in 
glistening  colors. 


WITH  OUR  WOMEN  READERS. 

Now  that  electric  current  is  available 
in  such  a  large  proportion  of  city  homes 
and  even  in  many  country  places,  wom- 
en are  becoming  more  and  more  enthu- 
siastic over  the  possibilities  which  its 
use  presents  in  lightening  their  house- 
hold duties.  The  use  of  electricity  is. 
however,  a  comparatively  new  phase  of 
domestic  science,  and  there  are  many 
things  regarding  it  which  are  not  perfect- 
ly clear  to  the  uninitiated,  although  in 
reality  electricity  is  just  as  easy  to  han- 
dle and  control  as  gas  or  any  other  form 
of  fuel. 

We  want  all  readers  of  this  depart- 
ment to  feel  free  to  ask  questions  at 
any  time,  concerning  the  use  of  elec- 
tric appliances  in  the  home.  These  ques- 
tions will  be  answered  in  simple  lan- 
guage, and  the  queries  and  answers  will 
be  printed  for  the  benefit  of  others.  For 
instance,  you  may  desire  to  know  if  you 
should  put  your  electric  flatiron  in  wa- 
ter to  cool  it  off ;  how  you  can  read  your 
own  electric  meter ;  how  you  can  operate 
your  door-bell  by  electric  light  current 
instead  of  batteries ;  what  it  will  cost  to 
operate  certain  devices  by  electric  cur- 
rent, etc.  There  are  hundreds  of  ques- 
tions of  this  nature  that  arise ;  don't  hesi- 
tate to  ask  them.     Simply  address  your 
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question  to  the  Household  Department, 
Popular  Electricity  Publishing  Co.,  Chi- 
cago, 111.,  and  it  will  be  answered  in  the 
magazine.  No  questions  will  be  answer- 
ed direct  unless  accompanied  by  a 
stamped  and  self-addressed  envelope. 


SEWING  IS  EASY  THE    ELECTRIC     WAY. 

Did  you  ever  feel  tired  and  irervous 
after  a  day's  work  at  the  sewing  ma- 
chine? Of  course  you  have,  and  at  the 
same  time  you  have  no  doubt  wondered 
why  it  would  not  be  possible  to  have 
some  other  power  besides  foot  power  to 
operate  the  machine.  The  met?  have  mo- 
tors nowadays  to  operate  almost  every- 
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ELECTRIC     SEWING    MACHINE. 


thing.  Why  can't  a  motor  be  applied  to 
the  sewinQ-  machine?  Well,  it  can,  and 
you  will  no  doubt  be  pleased  to  know 
that  just  such  machines  arc  on  the  mar- 
ket today.  One  of  them  is  shown  in  the 
illustration. 

With  the  electric  motor  equipment  the 
operator  has  perfect,  control  of  the  speed 
of  the  machine  and  can  obtain  an  instant 
start,  a  quick,  positive  stop  or  any  de- 
sired speed  by  a  slight  movement  of  the 
treadle.  There  are  suitable  guards  pro- 
vided, as  shown,  to  protect  the  dress 
from  contact  with  the  working  parts, 
which  cannot  therefore  soil  the   clothes 


or  work.  The  motors  used  on  family 
sewing  machines  are  of  one-eighth  or 
one-sixth  horsepower. 

Operation  is  simple,  the  motor  being 
allowed  to  run  continuously  while  the 
machine  is  in  use  and  the  belt  is  left  suf- 
ficiently loose  to  slip  on  the  motor  pul- 
ley. The  machine  is  started  by  depress- 
ing the  treadle,  the  lever  changing  the 
position  of  the  idler  pulley,  which  tight- 
ens the  belt  over  the  motor  pulley.  The 
speed  of  the  motor  is  increased  as  the 
belt  is  drawn  still  tighter,  when  greater 
pressure  is  placed  on  the  treadle. 

Showing  the  perfect  speed  regulation, 
it  is  stated  that  the  machine  may  be 
started  and  only  a  single  stitch  taken  if 
desired.  With  the  double  action  of  the 
idler  pulley,  much  finer  gradations  of 
speed  can  be  obtained  than  otherwise, 
while  with  electric  power  maximum 
speeds  approximating  1,000  stitches  per 
minute  are  obtained  if  desired. 


"BREAKING  THE  ICE"  AT  A  PARTY. 

In  "ye  olden  tyme,"*when  it  was  right 
and  proper  at  the  party  to  get  out  the 
book  of  College  Songs  or  the  Gospel 
Hymn  Book  and  all  join  in  and  sing  to- 
gether, there  was  not  much  opportunity 
for  an  awkward  or  chilly  period  to  oc- 
cur. But  in  these  days  of  more  or  less 
formality  we  gladly  welcome  some  inno- 
vation which  may  be  introduced  at  the 
proper  moment  to  give  zest  to  the  even- 
ing's enjoyment. 

It  may  seem  rather  daring  for  the 
hostess  to  say  suddenly,  "My,  how  I  used 
to  like  popcorn;  didn't  you?  Let's  have 
some.  We  will  make  it  ourselves,  right 
here  in  the  drawing-  room.  Mary,  the 
electric  corn-popper." 

Fun?  It  certainly  is,  Get  an  elec- 
tric corn-popper  at  once  in  time  for  the 
good  times  coming  in  the  holidays.  It 
has  a  cord  and  plug  which  fastens  in 
place  of  an  electric  lamp  anywhere  and 
a  little  cage  over  it  to  keep  the  corn 
from  popping  out  on  the  floor.  Do  not 
allow  any  butter  or  salt  to  be  used  with 
it;  just  let  your  guests  pop  the  corn  and 
eat  it  while  it  is  beautiful,  fluffy  white 
and  piping  hot.  One  thing  more.  Se 
cure  the  best  popcorn  and  test  some  of 
it  beforehand  to  make  sure  that  it  will 
pop   satisfactorily. 
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THE  NUMATICON. 

The  Numaticon  is  a  portable  vacuum 
machine  operated  by  electricity  taken 
from  the  electric  lamp  socket  by  means 
of  a  flexible  cord.  It  removes  dust  and 
germs  from  carpets,  rugs,  bedding, 
clothes,  walls,  draperies,  etc. 

In  a  neat  appearing  little  cabinet  there 
is  an  electric  motor  which  drives  a  series 
of  turbine  air  pumps  which  suck  the  dust 
through  the  long  hose-like  tube  and  de- 
posit it  in  a  receptacle  in  the  cabinet 
where  it  is  passed  through  water.  The 
receptacle  can  then  be  discharged  in  a 
minute  and  made  ready  for  operation 
again. 

Ten  feet  of  steel  bound,  corrugated 
hose  go  with  the  Numaticon.  There  are 
several  kinds  of  nozzles  or  "tools"  that 
go  with  the  outfit.  They  are  easily 
slipped  on  the  ends  of  the  hose  and  are 
for  various  purposes.  One  is  for  clean- 
ing furniture  and  walls,  another  is  for 
ceilings,  carpet,  rugs  and  other  heavy 
work.     Still  another,  shaped  like  a  brush, 


CLEANING  WALLS  WITH  THE 
CON." 


'NUMATI- 


CLEANIN&'  UPHOLSTERY  WITH  THE 


'NUMATICON." 
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cleans  clothing,  billiard  tables,  etc.  These 
parts  are  constructed  entirely  of  alumin- 
um and  nickel  and  are  easily  adjusted. 

The  cabinet  is  mounted  on  ball  bear- 
ing casters  and  is  easily  moved  about. 
As  it  weighs  only  38  pounds  it  is  also 
easily  carried  from  floor  to  floor. 


"NUMATICON"  AS  A  CARPET  CLEANER. 

The  pictures  herewith  were  obtained 
through  the  courtesy  of  the  New  York 
Edison  Company,  and  show  some  of  the 
applications  of  the  Numaticon. 


WOMEN  TO  GROW    FLOWERS  BY  ELEC- 
TRICITY. 

Madam  Davidoff,  a  Russian-American 
of  New  York  city,  is  planning  to  found  a 
colony  on  Long  Island  which  bids  fair  to 
rival  the  famous  Brook  Farm  colony  in 
Massachusetts  or  Upton  Sinclair's  Heli- 
con Hall.  The  location  will  be  at  Belle- 
crest,  near  Northport,  and  the  business 
of  the  colony,  which  is  to  consist  entirely 
of  women,  will  be  to  raise  fruits  and 
flowers  under  glass  and  under  the  influ- 
ence of  electricity. 

Madam  Davidoff  has  experimented 
along  these  lines  with  success,  her  ex- 
periments being  similar  to  those  recently 
carried    on    by    Sir     Oliver     Lodge,    the 


noted  English  scientist.  The  results  of 
her  investigation  have  satisfied  her  that 
the  flowers  raised  are  larger,  more  fra- 
grant, and  of  a  prettier  color  than  those 
grown  unaided  by  the  electricity  and  the 
glass.     The  same  is  true  of  the  fruits. 

Convinced  that  the  plan  is  practical, 
she  has  taken  up  the  matter  from  a  semi- 
philanthropic  standpoint  and  acquired 
for  present  use  one  and  one-half  acres  of 
land  and  will  have  the  work  done  entire- 
ly by  women. 


NOVEL  ELECTRIC  WATER   HEATER. 

Turn  the  switch  and  in  15  seconds  you 
will  have  warm  water — in  45  seconds  the 
water  will  boil.     These  are  the   results 


electric  water  heater. 
The  device  is  simple 


in  construction, 


NOVEL   ELECTRIC  WATER   HEATER 

although  involving  some    of    the    latest 
scientific    principles    in    electricity. 
pilot    light    in   the   glass   bowl    ind 
whether  electric  current  is  on  or  off, 
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HOLIDAY  ELECTRICAL  TOYS. 


For  trie  bo\  who  wants  to  do  things — ■ 
and  what  boy  who  is  worth  his  salt  does 
not? — the  electrical  toys  of  to-day  pre- 
sent a  veritable  scientific  fairyland,  a 
fairyland  of  which  the  boundaries  are 
only  fixed  by  the  limits  of  his  desires 
and  capacity.  It  is  now  possible  to  ob- 
tain the  parts  of  a  dynamo  of  the  en- 
closed type,  drum  armature,  six-part 
commutator,  rocker-arm  adjustable,  so 
that  the  machine  may  be  run  at  the  point 
of  highest  efficiency,  with  all  of  the 
necessary  machining  done.  The  machine 
can  be  put  together  without  a  hitch,  all 


A  MODERN  TOY.DYNAMO. 

parts,  wire,  bolts,  and  screws,  being  fur- 
nished complete.  The  boy  who  comes 
into  possession  of  this,  and  following  the 
directions  furnished  with  each  set,  finally, 


through  the  fruits  of  his  own  labors,  is 
in  control  of  a  complete  24-watt  ma- 
chine, and  knows  more  about  dynamos 
than  a  month  of  schooling  in  the  ordi- 


COilPLETE    MINIATURE    POWER    PLANT. 

nary  way  could  have  taught  him.  And 
this  is  but  the  key  to  a  whole  field  of 
endeavor,  since  being  now  in  the  pos- 
session of  a  source  of  current,  he  is  en- 
abled to  try  the  numberless  experiments 
which  immediately  suggest  themselves  to 
his  whetted  appetite. 

For  those  who  prefer  it,  the  dynamos 
are  supplied  all  ready  finished,  every 
detail,  even  to  the  enamel,  being  care- 
fully looked  after.  If  desired,  a  hand- 
power  drive  may  be  obtained,  splendid 
in  its  working,  tastefully  enameled,  belt 
driven,  with  arrangements  for  taking 
up  the  slack  as  the  belts  stretch. 

The  dynamo  and  hand  drive  complete 
form  a  complete  power  plant,  as  care- 
fully designed  and  finished  as  the  bigger 
plants  which  they  miniature.     And  this 
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whole  plant  may  be  had  for  about  $10. 
With  this  as  a  nucleus,  the  boy  ven- 
tures further  afield;  bells  may  be  rung, 
storage  batteries  charged,  supplying  cur- 
rent for  a  telegraph  instrument  with 
which  he  can  set  up  a  small  line  to  com- 
municate with  his  chum  across  the  street. 


may  be  run  cheaply  by  storage,  dry  or 
the  ordinary  salammoniac  batteries — or 
by  his  dynamo. 

Then  the  electric  railways — there's  a 
field.  If  the  boy  prefers  the  steam  type 
locomotive,  he  can  have  a  duplicate  of 
the   Atlantic   type   high-speed   passenger 
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ATLANTIC  TYPE  TOY  ELECTRIC  LOCOMOTIVE. 


Electroplating  may  be  done,  as  for  a  few 
cents  enough  of  the  salts  for  either  cop- 
per or  nickel  plating  may  be  obtained. 
With  a  borrowed  fruit  jar  he  is  ready 
for  business,  and  soon  we  hear  our  young 
friend  talking  "cathode,"  and  "anode," 
and  "electrolysis,"  and  doing  things  that 
but  a  few  years  ago  were  yet  to  be  dis- 
covered.    Yes,  this  is  a  scientific  age. 

A  complete  electric  lighting  outfit  is 
also  within  the  boy's  grasp.  Small  in- 
candescent lamps  may  be  obtained.  The 
Christmas  tree  may  be  lighted  without 
the  old-time  danger  of  fire,  by  small  elec- 
tric lamps,  strung  by  almost  invisible 
wires,  lighted  by  current  obtained  first- 
hand from  the  dynamo  or  from  current 
stored  in  a  storage  cell  by  turning  the 
dynamo  at  odd  moments. 

And  then  there  is  the  motor,  obtainable 
in  many  sizes,  from  the  $1.00  or  less,  up 
to  the  twin  brother  of  the  dynamo  de- 
scribed above.  Those  of  the  enclosed  type 
are  furnished  with  a  reduction  gear,  so 
that  speed  may  be  obtained  at  the  ex- 
pense of  power,  or  power  at  the  expense 
of  speed,  at  will. 

The  boy  learns  the  limitatons  of  ma- 
chines; learns,  learns,  all  the  time,  and 
the  learning  is  a  pleasure. 

Only  a  boy  can  suggest  the  numberless 
ways  in  which  a  motor  may  be  used.  TTe 
runs  fans,  or  a  miniature  machine  shop, 
or  a  windmill,  or  attaches  it  to  a  derrick. 
The   uses   are   endless,  and   the   motors 


locomotive,  perfect  in  every  detail,  run- 
ning as  smoothly  as  a  watch  over  an 
improved  track  that  does  not  warp  or 
pull  apart,  and  capable  of  pulling  ten 
trail  cars.  If  he  is  fortunate  enough  to 
have  lighting  current  at  his  disposal, 
either  direct  or  alternating,  the  appliance 
which  will  convert  this  current  to  a  ten- 
sion suitable  to  use  is  to  be  had.  If  he 
wants  to  use  straight  track,  a  specially 
designed  trip  is  obtainable,  which  can  be 
attached   to    any   part    of   the   track    in- 
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TOY    ELECTRIC    CAR 

stantly  without  tools,  and  will  stop  the 
onward  flight  of  the  engine  and  start  it 
running  the  other  way.  The  motor  of 
this  high-speed  locomotive  is  of  the  con- 
sequent polo  type  and  concealed  within 
the  boiler  of  the  engine. 

The  trolley  car.  another  form  oi  the 
traction  engine,  is  also  obtainable.  This 
may  he  run  upon*  the  same  tracks  as  the 
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locomotive.  As  it  is  not  intended  to  pull 
as  many  trail  cars,  it  is  geared  to  run 
at  higher  speed.  Here,  too,  the  current 
reaches  the  cat  through  the  rails,  the 
trolley  pole  method  having  long  been 
abandoned  as  unfeasible. 

The  smaller  boy  has  by  no  means  been 
neglected.     He  can  buy  a  magneto  for 


TOY    INDUCTION    COIL. 

$1.00  with  "shocking"  qualities  sufficient 
to  keep  both  him  and  his  friends  amused 
for  a  long  time,  and  if  he  dislikes  to 
turn  the  handle  he  can  secure  the  same 
effects  with  a  miniature  induction  coil, 
which  will  cause  his  friends  to  tremble 
with  delight,  if  he  can  get  them  to  hold 
both  handles.  This,  of  course,  runs  from 
a  single  dry  cell  and  has  a  current  regu- 
lator which  enables  him  to  win  the  confi- 
dence of  his  friends  before  giving  them 
the  full  effects. 


HOME   MADE  TELEGRAPH  SOUNDER. 

The  accompanying  picture  is  from  a 
photograph  of  a  telegraph  sounder,  made 
by   a    Chicago   boy.      The   parts   are   all 


made  of  strap  iron  and  no  castings  were 
employed,  but  it  works  as  well  as  any 
sounder  made  up  with  brass  or  iron  cast- 
ings. It  is  a  simple  affair.  The  magnet 
coils  were  procured  from  an  old  electric 
bell  and  wired  in  series  with  the  line. 
The  yoke  for  the  magnets  was  made 
from  a  piece  of  iron  ^  inch  wide  by 
Y%  inch  thick.  And  the  U  and  S  shaped 
pieces  were  also  bent  out  of  strap  iron, 
five  cents  worth,  procured  at  a  black- 
smith's shop,  being  sufficient.  In  all  re- 
spects the  sounder  is  similar  to  the  ordi- 
nary sounder  except  that  it  is  made  of 
materials  within  the  reach  of  every  boy. 


LIGHTNING  CAUGHT  IN  THE  ACT. 

Many  photographs  of  lightning  dis- 
charges have  been  taken,  but  it  is  sel- 
dom that  one  is  obtained  showing  the 
bolt  actually  striking  a  building  as  in 
the  case  shown  in  the  picture  herewith. 
This  photograph  was  taken  from  a  hill 
overlooking  Wilkinsburg,  Pa.,  at  about 
9  p.  m.  A  thunder  storm  was  brewing 
in  the  west  and  the  camera  was  set  up 


HOME  MAPE   TELEGRAPH   SOUNDER, 


LIGHTNING    CAUGHT    IN    THE    ACT. 

facing  it  in  hopes  of  getting  a  flash.  A 
lightning  bolt  struck  the  house  as  shown, 
which  was  about  300  yards  from  the 
camera  and  directly  in  front  of  it.  An  arc 
lamp  located  behind  the  tree  throws  the 
house  into  prominence  and  spoils  the  ef- 
fect of  the  flash  somewhat, 


ELECTRIC  LIGHTS  AN  EFFECTIVE 

ALARM. 


BURGLAR 


BY   GEORGE   RICE. 


In  years  gone  by,  many  houses  and 
shops  were  freely  ornamented  at  all  en- 
trances with  patented  forms  of  burglar 
alarms.  There  were  spring  devices  for 
announcing  the  opening  of  a  door  or  a 
window.  There  were  ingeniously  con- 
trived window  catches  for  holding  bur- 
glars in  check.  There  were  traps  and 
locks  of  all  descriptions.  But  the  detec- 
tives have  long  since  demonstrated  that 
when  a  burglar  desires  to  enter  a  build- 
ing, he  is  not  going  to  be  checked  by  any 
new-fangled  mechanical  contrivance.  He 
carries  the  necessary  devices  to  combat 
with  improved  traps  and  alarms.  He 
can  turn  the  key  of  a  room  with  thin- 
jawed  steel  nippers  while  he  is  on  the 


A    PUMPKIN    FACE    SHOWED. 

outside.  He  has  a  method  of  breaking 
the  window  pane  by  pasting  cloth  over 
the  glass  and  forcing  a  hole  by  presure 
and  without  making  any  noise.  Then  he 
simply  reaches  through  the  opening  in 
the  broken  pane  and  loosens  the  lock. 

After  years  of  experimenting  with 
these  supposed  window  protective  de- 
vices, door  mechanisms,  traps,  alarms. 
etc.,  the  police  tell  us  that  the  burning  of 
a  light  outdoes  the  whole  collection. 
There  is  a  great  deal  o\  common  sense 
in  this  assertion.  It  has  been  found  that 
a  lighted  apartment  is  seldom  entered. 
There  may   be   no   person    in    the   apart- 


ment, but  the  burglar  cannot  be  sure. 
Rather  than  take  chances  with  the  light 
burning,  the  would-be  robber  passes  on. 
Ingenious  people  have  not  been  slow 
in  discovering  the  advantage  of  letting  a 
light  burn  in  some  part  of  the  house  all 
night.  If  a  light  is  burning  in  a  cham- 
ber the  burglar  may  think  that  some  one 
is   sick.     He  will  imagine  that  there  is 


IT    LOOKED    LIKE    A    BOMB. 

some  one  stirring  and  he  postpones  his 
raid.  Of  course  there  is  always  danger 
when  a  light  is  left  burning  in  a  careless 
way.  For  illustration,  if  you  use  a  can- 
dle, and  fall  asleep  with  it  burning,  it 
may  burn  down  to  a  point  where  it  might 
ignite  something.  Frequently  candles  are 
fixed  to  wood  and  these  will  burn  the 
wood  when  down  to  the  last  part.  Then 
if  the  oil  light  is  left  burning  low,  it  may 
give  forth  an  odor.  Lanterns  are  toler- 
ably safe  and  gas  jets  can  be  burned  sat- 
isfactorily. The  electric  light  is.  how- 
ever, recommended  as  least  dangerous 
and  most  effective. 
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There  are  persons  who  have  fooled  the 
intruders  of  houses  by  using  odd  devices 
of  a  home-made  nature.  One  of  the  il- 
lustration shows  a  pumpkin  head 
which  was  fixed  up  and  placed  in  a 
window   in    a   locality   where   the   night 


THE    FIERY   DRAGON. 

raiders  had  been  looting  the  suburban 
residences.  Now  burglars  are  often  su- 
perstitious. They  do  not  like  to  break 
into  a  house  where  there  are  any  signs 
of     forthcoming     trouble,     particularly 


SKELETON    IN   A    CASKET. 

when  there  are  plenty  of  other  houses 
where  the  people  have  not  taken  the 
trouble  to  discourage  night  visits  of  rob- 
bers. Hence  I  am  told  that  the  pumpkin 
figure  head  shown  in  the  cut  kept  a  cer- 
tain    house     safe     from     burglars    and 


tramps  all  one  season  while  the  inmates 
were  away. 

An  attendant  turned  on  and  off  the 
light  each  time.  An  electric  light  was 
placed  inside  the  pumkin  and  any  one 
hanging  about  the  house  after  dark 
would  be  confronted  in  this  window  with 
the  eyes,  nose  and  mouth  gleaming  with 
light. 

In  another  case  the  host  rigged  up  a 
wooden  ball  which  he  painted  black  and 
adjusted  to  tne  top  of  a  stand.  Then  he 
fixed  some  white  cotton  to  the  top.  Then 
an  incandescent  light  was  hung  near  by. 


THE  FIGURE  FRIGHTENED. 

This  light  made  the  thing  resemble  a 
bomb.  Of  course,  any  burglar  looking 
into  the  hall  through  the  front  plate 
glass  would  understand  that  it  was  all  an 
illusion.  But  somehow  the  picture  of  the 
play  bomb  would  jar  his  nerves.  He 
would  argue  that  the  man  of  the  house 
expected  a  visit  from  thieves  and  that 
the  man  might  be  ready  with  a  loaded 
gun.    Therefore  he  would  pass  on. 

Still  another  effect  was  produced  with 
the  electric  light  and  a  serpentine  figure. 
This  thing  was  purchased  from  a  dealer 
in  antiques  by  a  man  who  liked  hall  or- 
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naments  of  a  strange  character.  This 
figure  was  painted  white  and  was  fur- 
nished with  a  light  in  its  jaws.  A 
glimpse  of  tnis  figure  through  the  win- 
dow glass  at  night  would  startle  any  one. 
It  does  not  take  much  to  make  a  gang  of 
looters  change  their  minds  about  robbing 
a  certain  house.  They  do  not  like  to 
take  chances.  They  want  the  chance  of 
picking  up  valuable  loot  without  detec- 
tion. When  they  find  lights  burning  in 
any  form,  the  plans  are  all  upset. 

Another  scheme  was  adopted  by  a  cer- 
tain party  who  utilized  electric  light  to 
frighten  off  burglars.  This  man  had 
been  robbed  a  number  of  times.  His 
house  was  on  the  outskirts  of  a  large 
town.  Burglar  alarms  failed  to  work 
and  patented  devices  were  not  effective 


in  checking  the  looters.  Valuable  arti- 
cles were  missed  and  the  robbers  were 
not  caught.  Even  the  watch  dog  had 
been  poisoned.  So  the  man  bought  an 
old  style  hall  clock  and  placed  it  in  the 
hall.  Then  he  bought  the  framework  of 
a  skeleton  of  a  human  being.  This  skele- 
ton was  made  of  a  white  composition  and 
it  glistened  in  the  dark.  An  electric  light 
shaded  with  green  paper  was  placed 
where  the  briliancy  was  reflected  direct 
to  the  bony  form  in  the  supposed  casket. 
This  combination  was  kept  set  up  all 
night.  At  daybreak  the  circular  door, 
where  the  face  of  the  clock  used  to  be, 
was  closed.  There  were  no  more 
burglaries  at  this  house.  A  glance  at  the 
supposed  genuine  skeleton  in  the  casket 
was  all  that  was  needed  to  keep  the  night 
raiders  away. 


A  BOYS'  TELEGRAPH  LINE. 

BY  JEROME  L.   ALLEN. 

Sometime  ago  two  boys  came  to  me  to 
get  my  opinion  on  a  telegraph  line  they 
intended  building  between  their  homes, 
and  as  they  did  not  want  to  go  to  too 
much  expense  they  wanted  to  get  it  done 
with  as  much  economy  as  possible.  I  sug- 
gested a  means  of  connecting  their  in- 

SOUNDER 


The  batteries  were  so  connected  that 
the  electromotive  force  of  one  opposed 
that  of  the  other,  that  is,  the  carbon 
plate  of  one  was  connected  through  the 
two  relays  and  the  line  to  the  carbon 
plate  of  the  other,  as  shown  in  the  dia- 
gram. 

When  both  keys  are  open,  no  current 
will  flow  as  the  two  cells  are,  to  use  a 
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A     BOY'S     TELEGRAPH     LINE. 


struments  and  batteries  as  shown  in  the 
diagram.  It  proved  very  valuable  to  them, 
as  it  did  not  necessitate  the  purchase  of 
gravity  batteries  and  at  the  same  time 
gave  them  an  efficient  open  circuit  system 
that  allowed  Signalling  from  either  end 
without  the  key  at  the  other  end  being 
closed.  Only  one  wire  was  used  between 
the  houses  and  '.'he  connections  were  as 
shown. 


common  electrical  expression,  "bucking" 
each  other. 

\\  nen  one  of  the  keys  is  pressed  down, 
however,  current  tlows  from  the  corre- 
sponding sounder  to  ground.  Current 
from  the  other  battery  also  tlows  through 
the  other  sounder  over  the  line  and  to 
ground  through  the  same  key.  Pressing 
the  key  at  either  station  will  in  this  wa\ 
operate  both  sounders. 


QUESTIONS  AND  ANSWERS. 

Readers  of  Popular  Electricity  are  invited  to  make  free  use  of  this  department. 
Knowledge  on  any  subject  is  gained  by  asking  questions,  and  nearly  every  one  has  some 
question  he  would  like  to  ask  concerning  electricity.  These  questions  and  answers  will  be 
of  interest  and  benefit  to  many  besides  the  one  directly  concerned.  No  consideration 
will  be  given  to  communications  that  do  not  contain  the  full  name  and  address  of  the 
writer. 


HIGH  FREQUENCY  APPARATUS. 

Questions. —  (A)  If  10  amperes  flow  through 
a  circuit  which  has  .0005  microfarad  capacity, 
over  and  above  that  necessary  to  balance  the 
inductance,  what  will  be  the  frequency  of  the 
current  flowing  through  an  arc  in  the  circuit, 
the  voltage  being  5,000  direct  current? 

(B)  If  a  high  frequency  transformer  having 
10  turns  in  its  primary  and  one  million  turns 
in  its  secondary  be  connected  in  series  with 
the  arc,  what  will  be  the  voltage  in  the  sec- 
ondary, the  radius  of  the  primary  being  ten 
inches,  and  with  an  air  instead  of  an  iron 
core? 

(C)  What  would  the  inductance  of  the  pri- 
mary be? — E.  K.,  Wabash,  Ind. 

Answer. —  (A)  Your  question  is  not 
clear.  Do  you  refer  to  the  arc  method 
of  producing  high  frequency  currents? 

(B)  The  leakage  loss  in  such  a  coil 
would  be  so  enormous  that  a  predeter- 
mined ratio  figure  would  be  very  difficult 
to  give,  and  probably  unreliable. 

(C)  Very  low;  probably  not  over 
.coi  milli-henry. 


POWER  FACTOR  FORMULA. 

Question.  —  Kindly  publish  some  formulae 
for  working  out  the  power  factor  meters  of 
the  following  loads :  6,600  volts,  single  phase, 
180  amperes  on  the  two  ammeters,  90  power 
factor  lag.  The  above  single  phase  is  taken 
from  a  three  phase  Westinghouse  turbo-gen- 
erator. Four  hundred  volts,  three  phase,  500 
amperes,  or  166  2-3  amperes  per  phase,  90 
power  factor  lead. — X  Y.  Z.,  Michigan  City, 
Ind. 

Answer. — The   power    formula    for    a 
single  phase  alternating  current  circuit  is 
W  =  V.  A.  P. 
For  a  three  phase  circuit 
W=  1.732  V.  A.  P. 
between  mains,  where  W  signifies  watts, 
V  volts,  A  amperes  in  any  main  and  P 
power  factor. 

From  these  formulae  we  find  the  power 
of   your   single   phase   circuit   is 
W  =  6600  X   180  X  0.90  = 
1,069,200  watts. 
The   power   of   your  three   phase   cir- 
cuit is 

W  =  1.732  X  4'oo  X  166%  X 
0.90  =  103,860  watts. 


CHANGING    WINDINGS  OF   FAN  MOTOR. 

Question. — I  have  an  induction  fan  motor 
wound  for  108  to  115  volts  and  133  to  140 
cycles  which  has  10  poles  wound  with  .020 
wire.  The  power  plant  has  changed  to  60 
cycles,  110  volts.  Is  there  any  way  I  can 
change  the  field  connections  or  the  motor  for 
60  cycles?— J.  E.  D.,  Maywood,  111. 

Answer. — Since  the  voltage  of  your 
supply  remains  the  same,  no  change  is 
necessary  in  the  winding  or  connections 
of  your  field.  However,  the  iron  cross 
section  of  the  field  for  60  cycles  should 
be  about  twice  as  great  as  for  133  cycles 
— a  rather  difficult  requirement  to  meet. 
Moreover,  the  motor  will  attain  only 
one-half  its  former  speed  on  the  lower 
frequency.  To  bring  the  speed  back  to 
its  rating  would  necessitate  reducing  the 
present  number  of  poles  in  the  field  to 
five ;  and  that  is  impracticable  because 
five  is  not  an  even  number.  This  is  all 
the  help  we  can  offer  without  more  in- 
formation on  the  construction  of  the 
motor.  

PECULIAR  CONDENSER  PHENOMENON. 

Question. — I  have  noticed  that  by  connect- 
ing a  receiver  with  a  telephone  condenser  I 
am  able  to  detect  a  discharge  in  the  condenser, 
and  this  at  any  time,  although  the  condenser 
has  not  been  near  an  electric  circuit.  I  do  not 
understand  how  a  condenser  can  become 
charged  in  this  way.  This  discharge,  although 
quite  feeble,  represents  a  certain  amount  of 
energy,  and  why  could  not  a  greater  amount 
be  obtained  in  the  same  way,  without  any  ex- 
pense whatever? — F.  W.,  Pekin,  111. 

Answer. — Your  experiment  is  very  in- 
teresting. We  have  been  unable  to  se- 
cure the  results  you  observe,  and  sug- 
gest that  you  write  us  more  fully  as  to 
the  capacity  of  the  condenser,  whether  it 
has  been  tested  recently  for  insulation 
resistance,  and  whether  the  experiment 
may  be  repeated  immediately.  Like 
many  other  similar  phenomena,  this  ac- 
tion of  your  condenser  admits  of  several 
theories.  The  ordinary  static  or  influ- 
ence machine  depends  for  its  self-start- 
ing ability  on  the  presence  of  infini- 
tesimal electric  charges  where  theoretic- 
ally none  need  exist.     A  sensitive  elec- 
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tioscope  reveals  electrical  unstability  in 
the  least  expected  places. 

On  the  other  hand,  we  can  imagine 
that  the  least  chemical  difference  in  the 
two  opposing  metal  surfaces  of  the  con- 
denser would  set  up  a  difference  of  po- 
tential if  the  least  suspicion  of  moisture 
existed  in  the  paper  dielectric.  This  ac- 
tion would  be  similar  to  that  of  the  old 
"dry  pile"  of  Zamboni,  one  of  which,  it 
is  said,  has  been  oscillating  a  miniature 
pendulum  continuously  since  1823  in  the 
University  of  Innsbruck,  the  whole  ar- 
rangement being  sealed  under  a  glass 
cover.  The  actual  power  delivered,  of 
course,  amounts  .to  nothing. 


AUTOMATIC  TELEPHONE  LIGHT. 

Question. — Will  you  please  inform  me  how 
to  connect  an  automatic  drop  (Bell  circuit)  to 
a  telephone  so  that  a  call  from  the  central  ex- 
change will  light  an  eight  candle  power,  110- 
volt,  direct  current  lamp.  I  have  the  lamp 
circuit  thoroughly  insulated  from  the  tele- 
phone.—M.  E.  H.,  W.  Philadelphia,  Pa. 

Answer. — We  suppose  your  idea  is  to 
have  the  lamp  remain  lighted  until  the 
telephone  call  is  answered,  or  until  it  is 
turned  off.  The  best  method  to  employ 
will  be  to  fasten  a  bar  (R)  (see  dia- 
gram) to  the  lamp  button,  so  that  when 


REWINDING  AN  INDUCTION  FAN  MOTOR. 

Question. — The  four  fields  of  an  alternating 
current  induction  fan  motor,  to  run  on  52 
volts,  60  cycles,  were  burned  out  by  being  run 
on  a  110  volt  circuit.  They  were  each  wound 
with  75  feet  No.  20  magnet  wire.  I  wished  to 
rewind  them,  so  I  put  on  150  feet  of  No.  27 
wire.  But  on  trial  the  fields  became  hot.  So  I 
added  125  feet  more  to  each  one,  but  they  still 
became  hot  after  two  or  three  minutes  of  run  ■ 
ning.  I  do  not  like  to  add  more  wire,  because 
the  speed  has  been  greatly  reduced  by  the 
amount  I  have  on  now.  Can  you  tell  me  what 
to  do  beside  putting  in  some  external  resis- 
tance, such  as  a  lamp  or  choke  coil? — A.  R.  P., 
Chicago,  111. 

Answer. — The  correct  winding  for 
no  volts  would  be  150  feet  of  No.  23 
wire  on  each  of  the  four  poles.  All  con- 
nections should  be  exactly  as  they  were 
for  52  volts.  So  wound,  the  motor 
should  operate  as  satisfactorily  on  no 
volts  as  it  originally  did  on  52,  provided 
the  frequency  remains  the  same. 


REGULATOR  FOR  STATIC    ELECTRICITY. 

Question. — Has  there  ever  been  a  device  in- 
vented for  the  purpose  of  regulating  the  flow 
of  static  electricity? — C.  A.  D.,  Granite  City, 
111. 

Answer. — Properly  speaking,  there  is 
no  such  thing  as  a  flow  of  static  electric- 
ity,  since   the   word   static   signifies   "at 
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released  it  will  be  pulled  over  by  the 
spring  (S)  and  close  the  switch.  If  an 
ordinary  telephone  switchboard  drop  is 
used  and  the  lamp  switch  rod  is  engaged 
by  the  armature  of  the  drop,  we  have  a 
purely  electrical  arrangement,  and  the 
lamp  may  be  placed  where  convenient, 
without  regard  to  the  location  of  the 
telephone.  A  high  resistance  drop 
should  be  bridged  across  the  ringer  ter- 
minals, as  shown.  If  the  drop  be  a  low 
resistance  one  it  should  be  arranged  in 
series  with  the  rinsrer. 


rest."  An  influence  machine  such  as  the 
Wimshurst  or  Toepler-Holtz,  when  not 
connected  to  condensers  or  large  con- 
ducting sin  faces,  affords  a  fairly  con- 
tinuous discharge,  or  flow,  of  electricity. 
But  any  apparatus  introduced  into  the 
circuit  destroys  the  regulation,  because 
the  very  existence  o\  static  electricity  de- 
pends on  accumulation  of  charge.  1 
den  jars  or  their  equivalent  serve  to  con- 
centrate and  direct  the  discharge,  but  the 
actual  tlow  of  current  lasts  for  only  an 
infinitesimal  period  of  time. 
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QUADRUPLEX    TELEGRAPH;    STATIC 
MACHINE. 

Questions. — I  would  like  to  know  the  princi- 
pal points  of  the  quadruplex  telegraph,  also  of 
a  static  machine. — X.  Y.  Z.,  Chicago,  111. 

Answers. — The  quadruplex  telegraph 
permits  the  transmission  of  four  mes- 
sages, two  in  each  direction,  over  a 
single  wire  at  the  same  time.  It 
is  really  a  combination  of  two  differ- 
ent types  of  duplex  systems.  In  the 
illustration,  (K)  and  (K')  are  transmit- 
ting keys  and  (R)  and  (R')  are  differ- 
entially wound  polarized  relays.  The 
relays  are  adjusted  to  respond  to  positive 
currents  and  to  be  held  open  by  negative 
currents.  There  is  constantly  on  the  line 
a  current  sufficient  to  hold  the  relays  in 


accumulating  charges  of  static  electric- 
ity, usually  by  rotating  plates  of  glass  or 
other  insulating  material.  Frictional 
machines  simply  excite  an  electrical 
charge  by  the  rubbing  together  of  posi- 
tive and  negatii  i  dielectrics.  Influence 
machines  multiply  ?  \  existing  minute 
charge  to  any  desired  intensity.  The 
construction  of  these  machines  is  de- 
scribed in  all  books  on  elementary  elec- 
tricity. 


SPARK  COIL  FOR  GAS  LIGHTERS. 

Question. — Will  you  kindly  give  me  the 
formula  for  making  a  spark  coil  for  electric 
gas  lighting?  I  would  like  to  install  three  gas 
lighters.— F.  A.  S.,  Corona,  N.  Y. 

Ansiver. — No  exact  formula  exists  for 


LINE 


F^ffl- — 33 


.57 


"3. 

T     K 

J— E 


DIAGRAM  OF  QUADRUPLEX  TELEGRAPH  SYSTEM. 


ihe  position  shown.  When  (K)  is  de- 
pressed a  current  is  sent  out  on  the  line 
which  pulls  relay  (R)  to  contact,  but 
is  too  weak  to  break  the  contact  (T). 
This  acts  on  the  sounder  (S).  When 
(K')  is  depressed.  A  stronger  current 
closes  both  relays  and  opens  contact 
(T).  This  operates  sounder  (S')  only. 
Thus  two  messages  may  be  sent  over  the 
line  simultaneously.  The  relays  being 
wound  differentially,  the  instruments  at 
the  sending  station  are  left  unaffected  by 
outgoing  currents,  but  respond  to  incom- 
ing currents.  This  makes  possible  the 
receiving  of  two  messages  while  two 
ethers  are  being  sent  over  the  same  wire, 
A  static  machine  is  simply  a  device  for 


the  design  of  simple  spark  coils.  A  core 
consisting  of  a  bundle  of  iron  wires  1%. 
inches  in  diameter  and  8  inches  long, 
wound  with  four  or  five  layers  of  No.  16 
cotton  covered  magnet  wire,  forms  about 
the  smallest  coil  practicable.  Six  large 
dry  cells,  or  better,  two  such  sets  in  mul- 
tiple, should  be  used. 


In  submitting  questions  to  the  Ques- 
tion and  Answer  Department,  it  should 
be  remembered  that  no  attention  will  be 
paid  to  communications  that  do  not  con- 
tain the  full  name  and  address  of  the 
writer.  It  is  necessary  that  we  should 
have  this  information  even  though  only 
the  initials  are  printed  in  the  magazine. 


NEW    ELECTRICAL    INVENTIONS 


A  NEW  ELECTRIC  HEATER. 

A  new  type  of  electric  heater,  which  is 
the  invention  of  A.  I.  D.  Kyle  of  Aber- 
deen, S.  D.,  is  shown  in  the  accompany- 
ing diagram.  It  consists  of  a  spherical 
casing  in  which  coils  of  resistance  wire 
(R)  are  located.  This  casing  has  an 
opening  (X)  at  the  top  and  another 
opening  (Y)  at  the  bottom.  A  vertical 
shaft  extends  through  the  casing  and  is 
driven  by  a  motor  (M).  To  the  shaft 
is  fixed  a  fan  (F),  inside  the  casing 
and  another   fan    (F')    above  the  upper 


NEW    ELECTRIC    HEATER. 

opening.  Current  is  passed  through  the 
resistance  coils,  heating  them,  and  when 
the  motor  is  in  operation  the  fan  (F) 
draws  cold  air  from  below  aud  forces  it 
over  the  healing  coils,  out  through  the 
upper  opening,  where  it  is  distributed 
about  the  room  by  fan  (F'). 

The  device  may  easily  be  constructed 
in  ornamental  designs,  suitable  for 
mounting  on  newel  posts,  etc.  It  nun 
also  be  used  effectively  without  the  fan 
attachment. 


TELEPHONE  LIGHTNING  ARRESTER. 

Most  telephone  lightning  arresters  of 
the  carbon  type  are  so  constructed  that 
slightly  separated  carbon  bodies  are  in- 
serted in  a  connection  leading  from  the 
line  to  ground.  The  high  voltage  light- 
ing discharge  'jumps  across  the  little 
air  gap  and  passes  to  earth,  but  the  low 
voltage  telephone  currents  cannot  cross 
the  gap,   so   that  normally  the   arrester 


TELEPHONE    LIGHTNING    ARRESTER 
CLOSED. 

does  not  offer  a  ground  to  the  telephone 
current.  It  has  been  found,  however, 
that  these  arresters,  after  a  lightning  dis- 
charge has  passed  through  them,  often 
become  obstructed  by  particles  of  car- 
bon which  become  detached  and  bridge 
across  the  gap,  giving  a  direct  ground 
path  for  the  telephone  current  and  put- 
ting the  telephone  out  of  service  until 
the  trouble  has  been  cleared.  Most  tel- 
ephone users,  not  understanding  the  prin- 
ciple of  the  arrester,  cannot  clear  the 
trouble  themselves  and  consequently  a 
man  must  be  sent  out  by  the  company  to 
perform  the  comparatively  simple  oper- 
ation. 

Mr.     John    11.    Cook     of     1  .ogansport. 
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Ind.,  has  invented  a  very  simple  arrester 
as  shown  in  the  illustrations,  in  which 
anyone  can  clear  the  trouble.  The  de- 
vice operates  on  the  principle  of  an  ordi- 
nary rubber  dating  stamp  used  in  most 
offices.  As  shown  in  one  of  the  cuts, 
the    carbon   blocks   of   the   arrester   are 


TELEPHONE    LIGHTNING   ARRESTER; 
COVER   OFF. 

separated  by  a  small  fraction  of  an  inch. 
By  simply  pushing-  down  on  the  handle, 
two  thin  knives  are  thrust  through  the 
air  gaps,  dislodging  any  particles  that 
may  have  collected  there.  The  handle 
then  springs  back  to  its  original  posi- 
tion and  the  trouble  is  cleared. 


ELECTRIC  MALTING  PROCESS. 

A  German  inventor,  Alfred  Oertel,  has 
devised  an  electric  malting  process  in 
which  the  grain  is  subjected  to  the  ac- 
tion of  dark  electric  rays  produced  by 
an  alternating  electric  current  having  an 
electromotive  force  above  1,000  volts 
and  below  that  of  the  so-called  Tesla 
currents.  It  is  said  a  more  rapid  and 
satisfactory  germination  of  the  grain  is 
produced. 

In  the  practice  of  the  process  the  grain 
to  be  malted  is  moistened  and  spread 
over  a  floor  and  high  tension  currents  of 
the  character  above  referred  to  are  em- 
ployed to  produce  brushes  of  dark  elec- 
tric rays  which  are  passed  from  an  elec- 
trode (f)  extending  over  practically  the 
whole  surface  of  the  grain.  The  distance 


ELECTRIC   MALTING   PROCESS. 

between  the  electrode  and  the  surface 
of  the  grain  is  such  that  no  sparks  or 
arcs  can  pass  between  them,  only  the 
"brush"  discharge. 


MINERS'  LAMP. 

The  electric  miners'  lamp  shown  here 
is  operated  in  conjunction  with  a  special- 
ly designed  cap,  in  which  is  placed  an 
electric   storage   battery.      Light   is   fur- 


MINER'S   LAMP. 
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nished  by  a  small  incandescent  lamp  sur- 
rounded by  a  reflector  on  the  fore  part 
of  the  cap.  The  light  is  operated  by  a 
push  button  secured  to  the  under  surface 
of  the  vizor,  where  it  is  constantly  in 
convenient  reach  of  the  wearer.  The  cap 
and  attached  lamp  are  light  in  weight 
and  in  no  way  interfere  with  the  move- 
ment of  the  arms.  The  battery  is  readily 
recharged  at  little  expense. 

The  chief  advantage  of  this  lamp  is 
the  elimination  of  danger  from  explo- 
sions which  so  often  are  caused  by  flame 
lamps. 


RECORDER  FOR  ICE  PLANTS. 

This  device  is  designed  automatically 
to  record  the  number  of  blocks  of  ice 
drawn  up  the  chute  into  the  ice  house.  It 
consists  of  a  thin  strip  of  metal  (a)  in 
the  bottom  of  the  chute  which  is  de- 
pressed when  a  cake  of  ice  passes  over  it 
and  closes  an  electric  circuit  to  the  elec- 


RECORDER    FOR    ICK     PLANTS. 

tromagnet.  As  the  resulting  current  flows 
through  the  electromagnet  its  core  at- 
tracts the  lever  (e),  drawing  the  latter 
down  and  working  the  dial  counter 
When  the  cake  has  passed  over  (a)  the 
latter  springs  up  and  breaks  the  circuit. 


and  is  thus  in  position  for  the  next  count. 
The  device  is  the  invention  of  W.  D. 
Cain  and  W.  H.  Williams,  of  Durant. 
Okla. 


ELECTRIC  PIANO  PLAYER. 

The  usual  form  of  automatic  piano- 
player  operates  by  little  jets  of  air  blown 
through  the  perforated  paper  strip  as  it 
is  slowly  unwound  from  one  roll  and 
wound  up  on  the  other.  The  electric 
piano  player  shown  herewith,  the  inven- 
tion of  Alvan  L.  Hart,  of  Burlington, 
la.,  also  makes  use  of  a  perforated  sheet. 
but  in  this  case  the  perforations  permit 


ELECTRIC    PIANO    PLAYER. 

electrical  contact  to  be  made,  which  for 
an  instant  closes  the  circuit  to  an  elec- 
tromagnet which  operates  the  striking 
hammer  corresponding  to  the  particular 
note  represented  by  the  perforation.  The 
diagram  illustrates  one  hammer  and 
string  with  the  electromagnets  which  op- 
erate the  hammer. 


Arnold   Bartels  of  Los   Angeles, 
lias  invented  a  camera  shutter  which  is 
opened  and  closed   by   an   electromagnet 
instead  oi  the  usual  air  bulb  device, 
object  of  the  device  is  to  enable 
erator  to  stand  away  a  con-  dis- 

tance   from   the   camera    when   operating 
the  shutter, 


THE  THEORIZERS'  CORNER. 

No  one  knows  what  electricity  really  is.  Neither  has  its  relation  to  visible  forms 
of  matter,  nor  to  other  manifestations  of  energy,  such  as  life,  light,  heat,  etc.,  been  fully 
explained.  Nearly  everyone,  however,  has  a  theory  of  his  own  on  this  subject,  and  these 
theories  are  interesting.  Readers  of  Popular  Electricity  are  invited  to  make  free  use 
of  this  department  and  give  others  the  benefit  of  their  views. 


ANOTHER     THUNDER     AND     LIGHTMNG 
THEORY. 

The  thunder  and  lightning  theory  set 
forth  in  the  July  issue  I  think  was  too 
radical  a  departure  from  all  previous 
theories,  which  have  been  advanced  on 
this  subject,  to  be  generally  accepted,  and 
besides,  there  seems  to  be  one  flaw  in  not 
naving  any  receptive  agent  on  which  to 
store  the  electric  charges  during  the  proc- 
ess of  generation,  granting  that  this 
generation  be  possible.  The  following  is 
a  theory  which  I  believe  will  be  more 
easy  to  accept. 

When  vapor  rises  we  will  grant  that 
the  invisible  atoms  are  charged  with  a 
minute  quantity  of  static  electricity. 
These  atoms  may  have  received  their 
loads  either  through  friction  with  one 
another  or  through  the  disintegration  of 
the  water  which  formed  them. 

It  is  a  generally  accepted  theory  that 
an  electric  charge  occupies  the  surface 
of  the  charged  body.  So,  when  this  va- 
por begins  to  condense,  the  loads  of 
thousands  of  atoms  are  added  together. 
But  as  the  drop  formed  is  spherical  the 
volume  and  also  the  charge  has  increas- 
ed rapidly,  while  the  surface  has  not  in- 
creased nearly  so  much,  consequently  the 
charges  of  the  individual  drops  grow 
denser  and  denser. 

The  raindrops  forming  in  the  clouds 
eventually  become  charged  to  their  full 
capacity.  By  the  combination  of  these 
drops  some  soon  become  overcharged. 
These  overcharged  drops  may  individu- 
ally discharge  to  drops  of  lower  poten- 
tial, but  in  doing  this  the  receptive  drop 
is  overcharged  and  the  process  is  re- 
peated. 

During  this  time  the  combinations  of 
drops  has  continued  until  practically  ev- 
ery drop  in  the  cloud  is  overcharged  and 
a  strain  in  the  ether  is  produced  between 
the  cloud  and  some  other  body  at  a  lower 
potential.  This  body  may  be  the  earth 
or  another  cloud.     This  strain  becomes 


so  great  that  an  arc  is  formed  and  the 
whole  cloud  discharges  to  the  lesser 
charged  body.  The  arc  thus  formed  is 
called  lightning.  Thunder  is  caused  by 
the  sudden  filling  of  the  vacuum  formed 
by  this  arc.  L.  A. 

TRAVELING  BY  VORTICES. 

"Traveling  by  vortices,"  the  remarka- 
ble theory  set  forth  in  the  October  issue 
by  "Wheels,"  appears  to  have  had  its 
origin  in  a  brain  vortex  or  storm.  I  am 
not  disposed  to  question  the  vortex  theory 
of  matter.  It  has  beeri  indorsed  by  some 
scientists  and  may  or  may  not  be  true. 
But  in  any  case,  the  vortex  theory  ap- 
plies only  to  sub-atomic  volumes,  and  the 
vortices  are  supposed  to  compose  the 
atoms,  which  themselves  are  smaller  than 
the  most  powerful  microscope  can  show. 
As  the  vortices  are  infinitely  small,  ac- 
cording to  the  theory,  how  does  he  pro- 
pose to  use  the  vortices  as  means  of 
transportation  by  his  "vortex  car"  or 
otherwise?  This  would  require  a  vortex 
several  feet  in  diameter  at  least,  and  the 
very  theory  which  he  seeks  to  apply  pre- 
supposes that  the  vortices  are  infinitesi- 
mal. 

As  a  matter  of  fact,  the  vortex  theory 
is  held  to  be  true  only  by  a  few,  the  elec- 
tron theory  being  acknowledged  by  most 
authorities.  According  to  this  theory  the 
electron  is  the  ultimate  unit  of  all  matter. 
The  atoms  are  made  up  of  electrons  or 
disembodied  electrical  charges,  in  rapid 
motion,  the  atom  of  one  elementary  sub- 
stance, such  as  hydrogen,  differing  from 
the  atom  of  another  elementary  sub- 
stance, such  as  oxygen,  only  in  the  num- 
ber and  arrangement  of  the  electrons 
contained  in  it.  Thus  we  have  at  last  the 
ultimate  unit  of  matter,  of  which  all 
forms  of  matter  are  composed ;  and  the 
remarkable  feature  is  that  this  ultimate 
unit  of  which  all  matter  is  composed  is 
not  matter  at  all,  as  we  ordinarily  under- 
stand the  term,  but  electricity. 
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A  negro  on  passing  a  country  grave  yard  on  a 
dark  night  saw  what  he  took  to  be  a  ghost. 
He  immediately  departed  from  the  scene  on  a 
run,  while  a  few  feet  ahead  of  him  a  jack  rabbit 
led  the  way  down  the  path.  When  the  negro 
saw  the  rabbit  he  cried  out:  "Lawd,  save  me. 
If  you'all  can't  run  get  out  o'  de  way  and  let 
someone  run  what  can." 


Friend — "How'd  you  come  to  write  that  best 
seller?" 

Modern  Literary  Gent — "First  I  was  struck  by 
a  thought;  I  epigrammatized  the  thought;  I 
sketchized  the  epigram;  playised  the  sketch; 
novelized  the  play,  and  advertised  the  novel!" 


"You  must  let  the  baby  have  one  cow's  milk 
to  drink  every  day,"  said  the  doctor. 

"Very  well,  if  you  say  so,  doctor,"  said  the 
perplexed  young  mother;  "but  I  really  don't  see 
how  he  is  going  to  hold  it  all." 


During  the  recent  financial  flurry  a  German 
farmer  went  to  the  bank  for  some  money.  He 
was  told  that  the  bank  was  not  paying  out 
money,  but  was  using  cashier's  checks.  He 
could  not  understand  this,  and  insisted  on 
money.  The  officers  took  him  in  hand,  one  at 
a  time,  with  little  effect.  Finally  the  president 
tried  his  hand,  and  after  a  long  and  minute 
explanation  the  situation  seemed  to  be  dawning 
on  the  farmer's  mind.  Finally  the  president 
said:  "You  understand  now  fully  how  it  is, 
Hans,  don't  you?" 

"Yes,"  said  Hans,  "I  tink  I  do.  It's  like  dis. 
aind't  it?  Ven  my  baby  vakes  up  at  night  and 
vants  milk  I  gif  him  a  milk  ticket." 


"There's  going  to  be  a  big  demand  for  those 
new-fangled  divorces,"  said  Mr.  Mumm  the 
other  evening. 

"What  new-fangled  divorces?"  asked  Mrs. 
Mumm. 

"Why,  that  new  kind,  where  a  man  can  keep 
his  wife,  but  gets  an  absolute  divorce  from  her 
relations." 


Traveling  Man — "My  good  man,  what  time 
does  this  train  leave  Swamp  Centre?" 

Agent — "My  friend,  I'm  only  the  agent.  Tin 
not  a  fortune  teller." 


Conductor — "This  here  transfer  expired  an 
hour  ago,  lady." 

The  Lady  (digging  in  her  purse,  snappishly— 
"No  wonder!— with  not  a  single  ventilator  open 

in   the  whole  car!" 

*     *     ♦ 

Fake  Oil  Capitalist  (smilingly)  "How's  your 
latesl   gold  mine  panning  out?" 

Fake  Mine  Promoter— "Beyond  expectations. 
Why,  old  man.  it's  assaying  over  a  thousand 
suckers  to  the  tow  of  literature!"     Puck 


"Long  introductions,  when  a  man  has  a 
speech  to  make,  are  a  bore,"  says  former  Sena- 
tor John  C.  Spooner.  "I  have  had  all  kinds,  but 
the  most  satisfactory  one  in  my  career  was  that 
of  a  German  Mayor  of  a  small  town  in  my 
State,  Wisconsin. 

"I  was  to  make  a  political  address,  and  the 
opera  house  was  crowded.  When  it  came  time 
to  begin,   the  Mayor  got  up. 

"  'Mine  friends,'  he  said,  'I  haf  been  asked  to 
introduce  Senator  Spooner,  who  is  to  make  a 
speech,  yes.  Veil,  I  haf  dit  so,  und  he  vill  now 
do  so.'  " 

*  *     * 

One  morning  a  farmer  found  a  score  of  men 
putting  up  telephone  poles  through  his  field.  He 
ordered  the  men  out,  but  they  wouldn't  go. 
They  showed  him  a  paper  which,  they  said, 
gave  them  authority  to  put  up  the  poles.  The 
old  man  looked  at  the  paper,  saw  it  was  lawful 
and  walked  silently  away.  He  went  to  the  barn 
and  turned  a  savage  red  bull  into  the  field.  As 
the  bull  made  for  the  men,  they  fled  at  the 
top  of  their  speed,  and  the  farmer  shouted 
after  them:   "Show  him   your  paper." 

*  *     * 

A  judge  in  North  Carolina  was  sentencing  a 
big,  loose-jointed  negro  who  had  been  convicted 
of  murdering  another  negro. 

"George  Farley,"  his  honor  said,  "you  have 
been  found  by  a  jury  of  twelve  men  tried  and 
true  to  be  guilty  of  murder  in  the  first  degree, 
for  having  killed,  in  cold  blood,  Moses  Stack- 
house,  and  it  is  the  sentence  of  this  court  that 
on  the  10th  day  of  August  the  sheriff  of  Polk 
County  take  you  to  a  place  near  the  county  jail 
and  there  hang  you  by  the  neck  until  you  are 
dead,  dead,  dead!  And  may  God  have  mercy  on 
your  soul.  Have  you  anything  to  say  for  Your- 
self?" 

The  negro  shifted  from  one  foot  to  the  other 
and  twisted  and  untwisted  the  old  felt  hat  he 
held  in  his  hands.  All  eyes  in  the  court  room 
were  upon  him.  Finally,  rolling  his  eyes  up  at 
the  judge,  he  said: 

"Look  y'here,  jedge,  you-all  don't  mean  this 
comin'  August,   does  vou?" 

*  *     • 

Teacher — "What  little  boy  can  tell  me  the  dif- 
ference between  the  quick  and   the  dead?" 

Willie's  hand  waved  frantically. 

"Well,  Willie?" 

"Please,  ma'am,  the  quick  are  the  ones  that 
get  out  of  the  way  of  automobiles;  the  ones 
that  don't  are  the  dead." 

*  •     • 

Farmer    "See    here,   boy,    what    yer  doln'    up 

that    tree?" 

Boy     "One  of  your  pears  fed  off  the  tree  an' 

Tm  trying  to  put   it  back." 

*  *    * 

Conductor—"]  had  a  narrow  escape  ' 
i    fell  off  the  rear  platform,   but   luckily   wasn't 

injured." 

Motorman     "Well,   they  say   Providei 
care  of  Intoxicated  men  and  fools." 
Conductor     "But   1   never  drink." 
Motorola n     "That's  all  right,  old  pal.     l  ki 

you  don't 
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ELECTRICAL  DEFINITIONS, 


Accumulator. — Storage    battery. 

Alternating  Current. — That  form,  of  electric 
current  the  direction  of  flow  of  which  reverses 
a  given  number  of  times  per  second. 

Ammeter. — An  instrument  for  measuring  elec- 
tric  current. 

Ampere. — Unit  of  current.  It  is  the  quantity 
of  electricity  which  will  flow  through  a  resist- 
ance of  one  ohm  under  a  potential  of  one  volt. 

Ampere  Hour. — Quantity  of  electricity  passed 
by  a  current  of  one  ampere  flowing  for  one 
hour. 

Anode. — The  positive  terminal  in  a  broken 
metallic  circuit;  the  terminal  connected  to  the 
carbon  plate  of  a  battery. 

Armature. — That  part  of  a  dynamo  or  motor 
which  carries  the  wires  that  are  rotated  in  the 
magnetic  field. 

Branch  Conductor. — A  parallel  or  shunt  con- 
ductor. 

Brush. — The  collector  on  a  dynamo  or  motor 
which  slides  over  the  commutator  or  collector 
rings. 

Bus  Bars. — The  heavy  copper  bars  to  which 
dynamo  leads  are  connected  and  to  which  the 
out-going  lines,  measuring  instruments,  etc., 
are   connected. 

Buzzer. — An  electric  alarm  similar  to  an  elec- 
tric bell,  except  that  the  vibrating  member 
makes  a  buzzing  sound  instead  of  ringing  a  bell. 

Candle  Power. — Amount  of  light  given  off  by 
a  standard  candle.  The  legal  English  and 
standard  American  candle  is  a  sperm  candle 
burning  two  grains  a   minute. 

Capacity,  Electric. — Relative  ability  of  a  con- 
ductor or  system  to  retain  an  electric  charge. 

Charge. — The  quantity  of  electricity  present 
on  the  surface  of  a  body  or  conductor. 

Choking   Coil. — Coil   of  high  self-inductance. 

Circuit. — Conducting  path  for  electric  current. 

Circuit-breaker. — Apparatus  for  automatical- 
ly opening  a  circuit. 

Collector  Rings.— The  copper  rings  on  an  al- 
ternating current  dynamo  or  motor  which  are 
connected  to  the  armature  wires  and  over 
which   the   brushes   slide. 

Commutator. — A  device  for  changing  the  di- 
rection  of   electric  currents. 

Condenser. — Apparatus  for  storing  up  elec- 
trostatic charges. 

Cut-out. — Appliance  for  removing  any  appa- 
ratus  from   a    circuit. 

Cycle. — Full  period  of  alternation  of  an  alter- 
nating current  circuit. 

Diamagnetic. — Having  a  magnetic  permeabil- 
ity inferior   to  that   of  air. 

Dielectric. — A  non-conductor. 

Dimmer. — Resistance  device  for  regulating  the 
intensity  of  illumination  of  electric  incandescent 
lamps.     Used  largely  in   theaters. 

Direct  Current. — Current  flowing  continuously 
in  one  direction. 

Dry  Battery. — A  form  of  open  circuit  battery 
in  which  the  solutions  are  made  practically 
solid  by  addition  of  glue  jelly,  gelatinous  silica, 
etc. 

Electrode. — Terminal  of  an  open  electric  cir- 
cuit. 

Electromotive  Force. — Potential  difference 
causing  current  to  flow. 

Electrolysis. — Separation  of  a  chemical  com- 
pound into  its  elements  by  the  action  of  the 
electric    current. 

Electromagnet. — A  mass  of  iron  which  is 
magnetized  by  passage  of  current  through  a 
coil  of  wire  wound  around  the  mass  but  in- 
sulated therefrom. 

Electroscope. — instrument  for  detecting  the 
presence  of   an  electric  charge. 

Farad. — Unit   of   electric   capacity. 

Feeder. — A  copper  lead  from  a  central  station 
to   some   center  of  distribution. 

Field  of  Force. — The  space  in  the  neighbor- 
hood of  an  attracting  or  repelling  mass  or 
system. 

Fuse. — A  short  piece  of  conducting  material 
of  low  melting  point  which  is  inserted  in  a 
circuit  and  which  will  melt  arid  open  the  cir- 
cuit when  the  current  reaches  a  certain  value. 


Galvanometer. — Instrument  for  measuring 
current  strength. 

Generator. — A    dynamo. 

Inductance. — The  property  of  an  electric  cir- 
cuit by  virtue  of  whicn  lines  of  force  are  de- 
veloped around  it. 

Insulator. — Any  substance  .  impervious  to  the 
passage  of  electricity. 

Kilowatt.— 1,000   watts.      (See   watt.) 

Kilowatt-hour. — One  thousand  watt  hours. 

Leyden  Jar. — Form  of  static  condenser  which 
will  store  up  static  electricity. 

Lightning  Arrester. — Device  which  will  per- 
mit the  high-voltage  lightning  current  to  pass 
to  earth,  but  will  not  allow  the  low  voltage  cur- 
rent of  the  line  to  escape. 

Motor-dynamo. — Motor  and  dynamo  on  the 
same  shaft,  for  changing  alternating  current  to 
direct  and  vice  versa  or  changing  current  of 
high  voltage  and  low  current  strength  to  cur- 
tent  of  low  voltage  and  high  current  strength 
and  vice  versa. 

Multiple. — Term  expressing  the  connection  of 
several  pieces  of  electric  apparatus  in  parallel 
with  each  other. 

Multiple    Circuits. — See   parallel    circuits. 

Neutral  Wire.— Central  wire  in  a  three-wire 
distribution  system. 

Ohm. — The  unit  of  resistance.  It  is  arbi- 
trarily taken  as  the  resistance  of  a  column  of 
mercury  one  square  millimeter  in  cross  section- 
al area  and  106  centimeters  in  height. 

Parallel  Circuits. — Two  or  more  conductors 
starting  at  a  common  point  and  ending  at  an- 
other common  point. 

Polarization. — The   depriving  of   a  voltaic   cell 
of  its  proper  electromotive  force. 
Potential. — Voltage. 

Resistance. — The  quality  of  an  electrical  con- 
ductor by  virtue  of  which  it  opposes  the  pas- 
sage of  an  electric  current.  The  unit  of  re- 
sistance is  the  ohm. 

Rheostat. — Resistance  device  for  regulating 
the  strength  of  current. 

Rotary  Converter.  —  Machine  for  changing 
high-potential  current  to  low  potential  or  vice 
versa. 

Secondary  Battery. — A  battery  whose  positive 
and  negative  electrodes  are  deposited  by  cur- 
rent from  a  separate  source  of  electricity. 

Self-inductance. — Tendency  of  current  flowing 
in  a  single  wire  wound  in  the  form  of  a  spiral 
to  react  upon  itself  and  produce  a  retarding 
effect  similar  to   inertia  in   matter. 

Series. — Arranged  in  succession,  as  opposed  to 
parallel  or  multiple  arrangement. 

Series  Motor. — Motor  whose  field  windings  are 
in  series  with  the  armature. 

Shunt. — A  by-path  in  a  circuit  which  is  in 
parallel  with   the   main  circuit. 

Shunt  Motor. — Motor  whose  field  windings 
are  in  parallel  or  shunt  with  the  armature. 

Solenoid. — An  electrical  conductor  wound  in 
a  spiral  and  forming  a  tube. 

Spark-gap. — Space  between  the  two  electrodes 
of  an  electric  resonator. 

Storage    Battery. — See    secondary    battery. 

Thermostat. — Instrument  which,  when  heated, 
closes  an  electric  circuit. 

Transformer. — A  device  for  stepping-up  or 
stepping-down  alternating  current  from  low  to 
high  or  high  to  low  voltage,   respectively. 

Volt. — Unit  of  electromotive  force  or  potential. 
It  is  the  electromotive  force  which,  if  steadily 
applied  to  a  conductor  whose  resistance  is  one 
ohm,  will  produce  a  current  of  one  ampere. 

Voltage. — Potential  difference  or  electromotive 
force. 

Volt  Meter. — Instrument  for  measuring  volt- 
age. 

Watt. — Unit  representing  the  rate  of  work  of 
electrical  energy.  It  is  the  rate  of  work  of  one 
ampere  flowing  under  a  potential  of  one  volt. 
Seven  hundred  and  forty-six  watts  represent 
one  electrical  horse  power. 

Watt- hour. — Electrical  unit  of  work.  Repre- 
sents work  done  by  one  watt  expended  for  one 
hour. 
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ELEMENTARY  ELECTRICITY. 

BY    PROF.    EDWIN    J.    HOUSTON,    PH.    D.     (PRINCETON.) 
CHAPTER    IX — CHEMICAL    EFFECTS    OF    ELECTRIC     DISCHARGES. 


Chemical  effects,  or  the  decomposition 
of  the  molecules  of  matter,  and  the  set- 
ting free  or  re-arrangement  of  the  atoms, 
are  among  the  more  important  effects 
produced  by  electric  discharges.  Chem- 
ical effects  are  especially  observed  dur- 
ing the  passage  of  an  electric  discharge 
through  certain  conducting  liquids  called 
electrolytes. 

All  liquids  are  not  decomposed  by  the 
passage  through  tiiem  of  electricity. 
Some,  such  as  alcohol,  bi-sulphide  of 
carbon,  turpentine,  and  possibly  pure  wa- 
ter, are  not  electrolytes.  Indeed,  they 
practically  do  not  conduct  electricity  at 
all.  Some  other  liquids,  such  as  mer- 
cury and  molten  metals,  generally  con- 
duct electricity  in  the  same  manner  as 
do  copper  or  the  other  ordinary  metals. 
It  is  such  liquids  as  the  alkalies,  acids, 
and  saline  solutions  generally,  that  are 
true  electrolytes  and  conduct  electricity 
only  by  being  decomposed  or  electro- 
lyzed,  the  electricity  being  carried 
through  the  liquid  by  positive  and  nega- 
tive charges  that  have  collected  on  the 
two  different  parts  into  which  the  mole- 
cules have  been  decomposed. 

All  matter  consists  of  particles,  mole- 
cules, or  atoms.  Particles  are  small 
masses  or  assemblages  of  molecules  that 
are  more  or  less  bound  together  by  the 
force  of  molecular  attraction  or  cohesion. 
Though  very  small,  particles  consist  of  a 
great  number  of  molecules  and  atoms. 
In  jrases  and  liquids,  the  molecular  at- 
traction   acting  on   the   molecules   is   so 


weak  that  the  molecules  can  move 
towards  or  from  one  another  freely.  Al- 
though the  molecules  are  also  capable  of 
moving  towards  and  from  one  another 
in  solids  through  short  distances,  yet 
they  are  generally  held  together  with 
such  strength  that  considerable  force 
must  be  exerted  in  order  to  pull  them 
apart,  or  to  overcome  the  tenacity  of  the 
substance.  Sometimes,  as  in  the  case  of 
steel,  this  force  may  be  considerable;  i. 
e.,  in  the  neighborhood  of  120,000  pounds 
to  the  square  inch. 

The  atoms  are  so  small  that  they  are 
invisible  under  the  most  powerful  mi- 
croscopes. Moreover,  they  are  so  hard 
that  it  was  at  one  time  believed  they 
could  neither  be  altered  in  shape  or  size, 
or  broken  or  separated  into  small  parts. 
Indeed,  up  to  within  a  comparatively  re- 
cent date,  it  was  believed  that  the  atoms 
were  the  smallest  forms  in  which  matter 
could  exist.  This  view  is  no  longer 
held.  We  now  believe  that  under  cer- 
tain conditions,  it  is  possible  for  the 
atoms  to  have  minute  fragments  broken 
from  them,  thus  producing  fragmentary 
atomic  matter  called  corpuscles.  Not- 
withstanding this  view,  yet  as  a  matter  of 
convenience,  especially  in  chemistry,  it 
is  still  common  to  regard  the  atoms  as 
the  ultimate  particles  of  matter.  When 
considering  the  effects  of  electric  dis- 
charges on  the  molecules,  we  will,  there- 
fore, still  retain  the  old  view  that  the 
atoms  are  unalterable  in  size,  shape  or 
mass. 
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The  almost  innumerable  kinds  of  mat- 
ter that  compose  the  earth  consist  of  dif- 
ferent solid,  liquid  or  gaseous  substances 
that  are  either  elementary  or  compound. 
Elementary  substances  are  those  that 
have  never  as  yet  been  broken  up  or  sep- 
arated into  more  than  one  kind  of  mat- 
ter. Compound  substances  are  those 
that  are  formed  by  the  combination  of 
two  or  more  elementary  substances. 

All  these  substances  consist  of  mole- 
cules that  are  held  together  by  the  force 
of  molecular  attraction ;  most  powerfully 
in  the  case  of  solids ;  least  powerfully  in 
the  case  of  gases,  and  with  intermediate 
power  in  the  case  of  liquids.  There  are, 
therefore,  as  many  different  kinds  of 
molecules  as  there  are  different  kinds  of 
substances.  There  are  not,  however,  as 
many  different  kinds  of  atoms.  On  the 
contrary,  there  are  only  in  the  neighbor- 
hood of  some  eighty  different  kinds  of 
atoms  or  chemical  elements.  It  is  by 
various  combinations  of  these  atoms  with 
one  another  that  the  great  variety  of 
molecules  that  form  different  substances 
are  produced.  Let  us,  therefore,  briefly 
discuss  the  peculiarities  of  molecules. 

The  molecules  of  matter  consist  of 
various  combinations  of  atoms  bound  to- 
gether by  their  mutual  attractions.  The 
force  that  draws  the  atoms  together  is 
known  as  the  force  of  atomic  attraction 
or  chemical  affinity. 

It  can  be  shown  that  when  the  atoms 
unite  to  form  the  molecules  the  combina- 
tion always  takes  place  between  whole  or 
complete  atoms.  The  atoms  do  not  ap- 
pear to  combine  as  fractions  of  atoms, 
but  as  whole  atoms.  If,  then,  we  can 
ascertain  the  exact  proportions  in  which 
the  smallest  quantity  two  chemical  ele- 
ments can  combine  with  each  other, 
these  proportions  will  represent  the  rela- 
tive weights  of  the  atoms  of  these  ele- 
ments ;  or,  as  it  is  called,  their  atomic 
weights.  In  this  way,  it  has  been  dis- 
covered that  the  weight  of  any  atom  of 
the  same  element  is  always  the  same,  but 
that  the  weight  of  the  atoms  of  different 
elements  vary.  For  example,  if  the  atom- 
ic weight  of  hydrogen  be  taken  as  one, 
the  atomic  weight  of  the  oxygen  is  six- 
teen ;  or  sixteen  times  as  great.  In  a  . 
similar  manner,  the  atomic  weight  of 
sulphur  is  thirty-two ;  the  atomic  weight 
of  iron  is  fifty-six ;  of  iodine  one  hun- 


dred and  twenty-seven;  of  fluorine  nine- 
teen; of  magnesium  twenty-four;  of  so- 
dium, twenty-three,  etc. 

It  will  of  course  be  understood  that  the 
atomic  weights  do  not  represent  the 
actual  weights  of  the  atoms,  but  only 
their  relative  weights. 

The  atoms  of  the  different  chemical 
elements  not  only  possess  different  atom- 
ic weights,  but  they  also  possess  dif- 
ferent combining  capacities.  Sometimes 
they  combine  atom  for  atom ;  at  other 
times,  a  single  atom  of  one  element  is 
capable  of  combining  with  two  atoms  of 
another  element;  that  is,  its  combining 
capacity,  or,  as  it  is  also  called,  its  atom- 
icity or  valency,  is  twice  as  great.  For 
example,  the  combining  capacity  of  oxy- 
gen is  twice  as  great  as  that  of  hydro- 
gen, since  an  atom  of  oxygen  is  capable 
of  replacing  two  atoms  of  hydrogen  in 
chemical  combinations.  In  other  cases, 
a  single  atom  of  a  chemical  element  can 
combine  with  or  replace  three,  four,  or 
even  a  greater  number  of  hydrogen 
atoms.  In  other  words,  the  atoms  of  the 
different  chemical  elements  possess  a 
different  valency,  combining  capacity  or 
quantivalence.  Atoms  whose  combining 
capacity  is  one  are  called  monad  atoms ; 
those  whose  combining  capacity  is  two 
are  called  dyad  atoms ;  those  whose  ca- 
pacity is  three,  triad  atoms ;  four,  tetrad 
atoms,  etc. 

When  the  atoms  combine  to  form  the 
molecules,  it  is  believed  that  they  do  not 
touch  one  another,  but  are  held  together 
in  more  or  less  fixed  positions  by  their 
mutual  attractions  that  are  concentrated 
at  certain  points  called  bonds. 

The  atoms  of  the  different  chemical 
elements  are  represented  in  chemistry  by 
symbols  consisting  of  the  first  letter  of 
the  English  or  Latin  name  of  the  ele- 
ment. Thus  H  not  only  represents  hy- 
drogen, but  also  one  atom  of  hydrogen ; 
H2  or  H3  represent,  respectively,  two 
or  three  atoms  of  hydrogen.  O  repre- 
sents one  atom  of  oxygen,  and  02  and 
03  represent,  respectively,  two  and  three 
atoms  of  oxygen. 

In  a  similar  manner  S  represents  one 
dtom  of  sulphur ;  I,  one  atom  of  iodine ; 
F  one  atom  of  fluorine ;  Fe  one  atom  of 
iron.  Here,  since  the  first  letter  I  of  the 
word  iron  has  already  been  employed 
for  iodine,  and  F,  the  first  letter  of  the 
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Latin  word  for  iron,  ferrum,  has  been 
employed  for  fluorine,  it  is  necessary  to 
employ  the  first  two  letters  Fe  of  the 
Latin  word  to  represent  one  atom  of 
iron.  In  a  similar  way  Na  represents 
one  atom  of  sodium  or  natrium,  the  Lat- 
in word  for  sodium. 

It  is  easy  by  chemical  symbols  to  in- 
dicate the  chemical  composition  of  a 
molecule.  For  example,  since  the  mole- 
cule of  water  consists  of  two  atoms  of 
hydrogen,  combined  with  one  atom  of 
oxygen,  the  symbol  H20  indicates  that 
two  atoms  of  hydrogen  have  combined 
with  one  atom  of  oxygen  to  form  one 
molecule  of  water. 

In  order  to  form  some  idea  of  the  ex- 
tremely small  size  of  the  molecule,  and 
the  still  smaller  size  of  its  constituent 
atoms,  it  may  be  remarked  that  Kelvin 
has  concluded  that  if  a  single  drop  of 
water  were  magnified  to  the  size  of  the 
earth,  each  of  its  molecules  would  oc- 
cupy a  space  smaller  than  that  of  cricket 
balls.  Nevertheless,  each  of  these  mole- 
cules consist  of  two  atoms  of  hydrogen 
combined  with  one  atom  of  oxygen. 

It  is  convenient  to  represent  the  atom- 
ic capacity  or  combining  power  of  the 
atoms  by  lines  called  bonds  attached  to 
the  symbol.  Thus  hydrogen,  whose  com- 
bining power  is  one,  and  which  therefore 
has  a  single  bond,  is  written  thus:  H — ; 
oxygen,  whose  combined  capacity  is  two, 
thus  :  — O — .  When  an  atom  of  oxygen 
unites  or  combines  with  two  atoms  of 
hydrogen,  the  arrangement  of  the  atoms 
in  the  molecule  is  represented  thus: 
H — O — H.  It  is  of  course  not  certain 
that  the  arrangement  of  the  atoms  is  as 
above  represented,  since  we  cannot  see 
the  atoms.  The  method  of  representa- 
tion by  the  use  of  bonds  is,  however, 
convenient,  and  is  generally  employed 
in  chemistry. 

The  compound  H — O — H  forms  a 
molecule  of  water.  Here  the  combining 
capacities  of  the  elements  hydrogen  and 
oxygen  arc  completely  satisfied.  Were 
one  of  the  hydrogen  atoms  removed; 
that  is,  if  H_ O— it  becomes  H— O— ,' 
the  compound  is  no  longer  water.  The 
smallest  quantity  of  water  that  can  exist 
is  H — O — H.  Consequently,  we  can  de- 
fine a  molecule  as  the  smallest  quantity 
of  any  substance  that  can  exist. 

A  group  of  unsatisfied  atoms  such,  for 


example,  as  H — O — ,  does  not  form  a 
molecule,  but  what  is  called  a  radical ; 
that  is,  an  incomplete  or  unsatisfied 
group  of  atoms.  Since  atoms  may  also 
exist  with  their  bonds  unsatisfied,  atoms 
may  also  be  regarded  as  radicals.  There 
are,  therefore,  two  kinds  of  radicals ;  i. 
e.,  elementary  radicals  as  H —  or 
— O — O,  etc.,  and  compound  radicals  as 
H— O— . 

The  atoms  of  any  element  may  com- 
bine with  themselves.  Thus  H — H  rep- 
lesents  a  satisfied  group  of  hydrogen 
atoms,  and  0=0  represents  a  satisfied 
group  of  oxygen  atoms.  Since  the  bonds 
are  completely  satisfied  in  these  groups, 
they  form  molecules  of  hydrogen  and 
oxygen  respectively.  There  are,  there- 
fore, two  kinds  of  molecules ;  i.  e.,  ele- 
mentary molecules  and  compound  mole- 
cules. Elementary  substances  consist  of 
elementary  molecules  and  compound 
substances  of  compound  molecules. 

Electricity  produces  chemical  changes 
in  the  molecules  by  breaking  them  up 
into  atoms  or  radicals.  These  may  either 
remain  separated,  or  may  afterwards  re- 
combine  with  other  atoms  or  radicals  to 
form  different  molecules. 

The  force  of  atomic  attraction  or 
chemical  affinity  that  draws  the  atoms  or 
radicals  together  to  form  the  molecules 
is  now  generally  believed  to  be  the  un- 
like electric  charges  they  posses? 
The  atoms  of  all  the  chemical  ele^ 
ments  naturally  possess  either  posi- 
tive or  negative  electric  charges. 
They  may,  therefore,  be  divided 
into  two  great  classes :  electro- 
positive atoms  or  elements,  and  electro- 
negative atoms  or  elements.  Since,  too, 
the  radicals  are  unsatisfied  atoms  or 
groups  of  atoms,  and  the  open  bond 
may  either  represent  a  positive  or  a  neg- 
ative charge,  all  radicals  must  be  either 
electro-positive  or  electro-negative 
Without  going  into  details,  it  is  sufficienV 
to  state  that  hydrogen  and  most  of  the 
metals  form  electro-positive  radicals; 
while  oxygen,  chlorine,  bromine,  iodine, 
fluorine,  sulphur  and  many  other  of  the 
non-metallic  elements  form  elect ro-nega- 
tive  radicals. 

Since  the  atoms  of  a  simple  molecule 
yre  held  together  by  the  opposite  charges 
of  its  atoms  these  atoms  must  he  respect- 
ively   electro  positive    and    electro-nega- 
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tive.  When,  therefore,  electricity  breaks 
up  this  combination,  and  sets  the  atoms 
free,  the  electro-positive  atoms  or  rad- 
icals must  appear  at  the  electro-negative 
terminal  of  the  decomposing  electric 
source,  and  the  electro-negative  atoms 
or  radicals  at  the  electro-positive  term- 
inal. 

The  decomposition  of  molecules  by 
electricity  is  called  electrolysis.  In  the 
electrolysis  of  water,  since  pure  water 
is  not  a  conductor  of  electricity,  it  is 
necessary  to  render  it  electrically  con- 
ducting by  the  addition  of  a  small  quan- 
tity of  sulphuric  acid. 

A   convenient   form  of  apparatus   for 


FIG.    69.      APPARATUS   FOR   THE    ELEC- 
TROLYSIS   OF    WATER. 

the  electrolysis  of  water  is  represented  in 
Fig  69  (Houston's  Dictionary  of  Elec- 
tricity). In  this  case  the  electricity  em- 
ployed for  producing  the  electrolysis  is 
obtained  from  a  battery  of  two  series- 
connected  voltaic  cells.  Wires  from  the 
battery  pass  in  at  the  base  of  a  vessel 
containing  the  acidulated  water,  where 
they  are  connected  to  two  plates  of  plati- 
num inserted  in  two  glass  tubes  (H)  and 
(O)  closed  at  the  top,  but  open  at  the 
bottom,  also  filled  with  acidulated  water, 
and  held  in  a  vertical  position  over  the 
platinum  plates.  On  the  passage  of  the 
current,  the  molecules  of  water  are  de- 
composed, the  hydrogen  collecting  in  the 
tube  (H),  and  the  oxwen  in  the  tube 
(O).  In  other  words,  the  electro-posi- 
tive atoms  of  hydrogen  appear  at  the 
platinum  terminal  connected  with  the 
negative  pole  or  terminal  of  the  battery 
?t  (H),  and  the  atoms  of  oxygen  at  the 
platinum  terminal  connected  with  the 
positive  terminal  of  the  battery  at  (O). 
It  is  true  that  the  electrical  decompo- 
sition of  water  is  not  as  simple  as  above 
described.  The  oxygen  is  the  result  of  a 
secondary  reaction  taking  place  in  the 
molecule  of  sulphuric  acid  added  to 
make    the   water    a    conductor   of   elec- 


tricity. For  simplicity,  however,  we 
may  safely  regard  the  decomposition  as 
taking  place  exclusively  in  the  molecule 
of  water. 

The  electro-positive  and  electro-nega- 
tive atoms  or  radicals  into  which  a  mole- 
cule is  broken  up  by  electrolysis,  are 
known  as  ions,  and  are  called  the  electro- 
positive and  electro-negative  ions  ac- 
cording to  whether  they  are  liberated  at 
the  electro- negative  or  the  electro-posi- 
tive terminals  of  the  electrolyzing  source. 

In  order  the  more  readily  to  describe 
what  takes  place  during  electrolysis,  it 
is  convenient  to  employ  certain  electrical 
terms.  These  can  best  be  defined  in  con- 
nection with  Fig.  70.  Here  (A)  repre- 
sents a  voltaic  cell  or  source  producing 
the  electrolyzing  current.  This  cell  con- 
sists of  plates  (Zn)  and  (C)  of  zinc  and 
carbon  respectively.  The  positive  term- 
inal of  the  cell  is  connected  with  the  car- 
bon plate,  and  the  negative  terminal  with 
the  zinc  plate.  (C)  represents  a  sim- 
ple -decomposition  or  electrolytic  cell 
similar  to  that  represented  in  the  pre- 
ceding figure.  The  positive  terminal  of 
the  voltaic  cell  is  connected  with  a  plate 
of  platinum  inserted  in  the  tube  (O), 
and  the  negative  terminal  with  a  plati- 
num plate  inserted  in  (H). 

When  an  electric  discharge  passes 
through  the  acidulated  water  in  the  cell 
(C),  oxygen  gas  begins  to  collect  in  the 
tube  (O),  connected  with  the  positive 
terminal  of  the  voltaic  cell  (A),  and 
hydrogen  in  the  tube  (H),  connected 
with  the  negative  terminal.  After  a 
given  time,  sufficient  gas  will  have  col- 
lected to  show  that  the  volume  of  the 
hydrogen  is  twice  the  volume  of  the  oxy- 
gen. 

As  will  be  seen  by  an  examination  of 
the  above  figure,  the  name  anode  is 
marked  on  that  terminal  of  the  decom- 
position cell  which  is  connected  with  the 
positive  terminal  of  the  voltaic  cell,  and 
that  the  same  name  is  also  marked  on 
the  carbon  plate  that  projects  from^the 
liquid  of  the  voltaic  cell,  which  is  the 
positive  terminal  of  the  voltaic  cell.  It 
will  also  be  seen  that  the  name  cathode 
is  marked  on  the  negative'  terminal  of 
the  decomposing  cell,  as  well  as  on  the 
negative  pole  or  electrode  of  the  voltaic 
cell;  that  is,  the  end  of  the  zinc  plate 
that  projects   above  the  surface  of  the 
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liquid  of  the  cell.  Moreover,  it  will  be 
seen  that  the  electro-negative  ions  or 
radicals  appear  at  the  anode,  and  the 
electro-positive  ions  or  radicals  at  the 
cathode. 

The  terms  anode,  cathode,  anion,  and 
cathion,  are  of  such  importance  that  we 
will  define  them  separately. 

The  anode  is  the  terminal  or  plate  of  a 
decomposition  cell  that  is  connected  with 


RAILLESS  ELECTRIC  TRACTION. 

Railless  electric  vehicles,  or  trackless 
trolleys,  as  they  are  sometimes  called,  are 
not  exactly  a  new  departure,  having  been 
tried  out  in  an  experimental  way  in  a 
number  of  installations.  The  system 
originated  in  Germany,  where  several 
short  lines  are  now  in  use.  As  announced 
in  the  Journal  of  Electricity,  Power  and 
Gas,  the   Italian  government   is  consid- 
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FIG.    70.      ELECTROLYTIC    DECOMPOSITION    OF  WATER. 


the  positive  terminal  of  a  battery  or  oth- 
er electric  source. 

Or  it  is  that  terminal  of  an  electric 
source  out  of  which  the  current  flows 
into  the  liquid  of  a  decomposition  cell. 

Or,  it  is  the  positive  terminal  or  pole 
of  a  battery  or  other  electric  source  that 
is  employed  for  electrolysis. 

The  electro-negative  atoms  or  radicals 
of  a  molecule,  or  the  atoms  or  radicals 
that  appear  at  the  anode  or  positive 
terminal  of  a  decomposing  cell  are  called 
the  anions. 

The  cathode  is  the  terminal  or  plate  of 
a  decomposition  cell  that  is  connected 
with  the  negative  terminal  of  a  battery 
or  other  electric  source. 

Or,  it  is  that  terminal  of  an  electric 
source  into  which  the  current  flows  from 
a  decomposition  cell. 

Or,  it  is  the  negative  pole  or  terminal 
of  an  electric  source  that  is  employed  for 
electrolysis. 

The  electro-positive  atoms  or  radicals 
of  a  molecule;  or,  the  atoms  or  radicals 
that  appear  at  the  cathode  or  negative 
terminal  of  a  decomposition  cell  are 
called  cathions. 

(To   Be   Continued.) 


ering  the  adoption  of  the  system  on  a 
large  scale  for  general  transportation  on 
the  public  highways. 

The  principal  feature  of  this  new  sys- 
tem  is   a   guidable   car,   driven    directly 


RAILLESS    ELECTRIC    TROLLEY. 

upon  the  street  or  country  road,  without 
rails.  Two  trolley  wires,  strung  above 
the  street,  supply  the  power — one  feed- 
ing the  motor,  the  other  returning  the 
current,  thus  completing  the  electric 
cuit.  The  trolley  pole  allows  the  car  a 
lateral  freedom  of  motion  in  cither  di- 
rection, similar  to  that  of  an  automobile. 
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THE  NERNST  LAMP. 

The  Nernst  lamp  is  really  a  member  of 
the  incandescent  family,  though  it  differs 
from  all  other  members  of  the  family  in 
one  very  important  particular;  it  burns 
in  the  open  air,  while  all  other  members 
of  the  family  require  a  vacuum  and  be- 
come things  of  the  past  as  soon  as  the 
vacuum  is  destroyed.  Hence,  if  the 
countryman  of  comic  paper  fame  were  to 
try  to  light  his  cigar  with  a  Nernst  lamp 
he  would  have  the  laugh  on  the  comic 
paper. 

Though  in  principle  the  Nernst  belongs 
to  the  incandescent  family,  in  light  giv- 
ing power  it  is  a  cross  between  the  arc 
and  the  incandescent,  with  units  in  its 
wide  range  that  successfully  replace  eith- 
er of  these  types.  In  appearance  it  re- 
sembles the  arc  more  closely  than  the  in- 
candescent. In  the  quality  of  its  light  it 
resembles  neither,  but  has  a  natural  sun- 
like warmth  that  presents  a  striking  con- 
trast to  both  the  yellowish  tone  of  the  in- 


SCREW  BASE  BURNER  FOR  NERNST  LAMP 

candescent  and  the  blue  white  of  the  arc. 
A  short  time  ago  the  window  of  the 
Nernst  Lamp  Company's  office  in  one  of 
the  large  cities  was  fitted  up  with  two 
separate  compartments  to  show  the  con- 
trast between  the  incandescent  and  the 
Nernst.  Both  compartments  were  paint- 
ed white  with  paint  out  of  the  same  can. 
The  boss  of  the  painter  who  did  the  work 
happened  to  pass  a  few  evenings  later 
and  after  looking  at  the  two  compart- 
ments for  some  time,  came  in  to  apolo- 


gize. He  couldn't  understand,  he  said, 
why  his  best  painter  had  done  such  a  fool 
thing  as  to  spoil  the  demonstration  by 
using  two  different  kinds  of  paint,  but 
he  would  have  him  around  early  next 
morning  to  do  the  job  over.  The  lamp 
man  did  not  explain,  but  suggested  that 


SINGLE   GLOWER  NERNST   LAMP. 

he  come  around  himself  the  next  morn- 
ing. This  he  did,  and  was  dumbfounded 
when  he  saw  by  daylight  that  the  paint  in 
both  compartments  was  the  same  shade 
after  all. 

The  Nernst  lamp  was  invented  by  Dr. 
Walther  Nernst,  of  Gettingen,  Germany, 
and  was  first  exhibited  in  this  country 
about  ten  years  ago.  Mr.  George  West- 
inghouse  at  once  recognized  its  great 
possibilities  and  secured  the  American 
rights.     Mr.  Westinghouse  proceeded  to 
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develop  it  into  a  commercial  proposition 
and  organized  the  Nernst  Lamp  Com- 
pany for  its  manufacture.  The  light 
is  a  favorite  with  merchants  who 
handle  colored  goods  on  account  of 
its  daylight  quality,  and  Nernst 
lamps  are  in  use  in  many  of  the  finest 
stores  in  the  land.  Perhaps  the  best 
known  installation  is  that  in  the  great 
Marshall  Field  store  of  Chicago,  whose 
38  acres  of  floor  space  are  beautifully 
lighted  by  Nernst  lamps  in  special  fix- 
tures. 

The     distinguishing     feature     of     the 


ART    NOVEAU    DESIGN    NERNST    LAMP 
ELECTROLIER. 

Nernst  lamp  is  the  glower  which  corre- 
sponds to  the  filament  of  the  incandescent 
lamp.  It  is  composed  of  a  mixture  of 
rare  earths,  worked  into  a  dough, 
pressed  through  a  die  and  baked.  Plati- 
num terminals  are  added  and  it  is  ready 
for  service.  The  glower  is  an  insulator 
when  cold,  but  becomes  a  conductor 
when  hot.  Hence  an  auxiliary  device 
termed  a  heater,  consisting  of  platinum 
wire  held  in  place  and  protected  by  a  re- 
fractory paste,  is  required  to  bring  it  up 


to  the  proper  temperature.  As  soon  as 
this  is  accomplished,  the  current  is  dis- 
connected from  the  heater  by  means  of 
an  automatic  cut-out.  The  raising  of  the 
glower  to  the  proper  temperature  for  in- 
candescence requires  several  seconds, 
and  so  the  light  does  not  come  on  instan- 
taneously when  the  switch  is  turned.  The 
other  important  part  of  the  lamp  is  a 
steadying  resistance  termed  a  ballast. 
This  consists  of  a  fine  iron  wire  mounted 
in  a  glass  tube  and  somewhat  resembling 
a  miniature  incandescent  lamp.  These 
parts  can  be  renewed  from  time  to  time 


MULTIPLE     POWER    NERNST    LAMP    WITH 
SQUARE    CANOPY    AND    CHAIN. 

as  required  and  enable  an  old  lamp  to  be 
renewed  for  further  service  the  same  as 
an  arc  lamp,  and  in  contrast  to  the  in- 
candescent which  is  generally  thrown 
away  when  it  gets  out  of  order. 

A  new  type  of  Nernst  lamp  developed 
last  spring  is  made  for  both  alternating 
and  direct  current  circuits  oi  1 10  or  22 
volts,.  When  the  Nernst  system  was 
introduced  it  was  designed  for  alternat- 
ing current  circuits  only,  but  a  success- 
ful   direct   current    lamp    was    developed 
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some  time  ago  and  all  the  types  of  lamps 
now  on  the  market  are  designed  for  both 
circuits.  A  distinguishing  feature  of  the 
new  lamps  in  66,  88,  no  and  132-watt 
sizes  is  the  screw  base  burner.  This  em- 
braces the  glower  and  heater  mounted  on 
a  suitable  base  which  is  screwed  into 
place  the  same  as  incandescent  lamps. 
The  easy  renewal  which  results  has  made 
the  lamp  quite  popular  for  residence 
lighting,  whereas  before  it  was  confined 
to  store  and  other  commercial  lighting. 
This  feature  also  enables  the  other  parts 
of  the  lamp  to  be  placed  at  any  desired 
distance  and  is  accountable  for  a  new  line 
of  artistic  chandeliers  with  the  mech- 
anism concealed  in  the  ornamentation 
and  the  visible  light  sources  smaller  and 
neater  than  is  possible  with  any  other 
system.  As  an  illustration,  the  132-watt 
burner  which  gives  as  much  light  as 
seven  16  candle  power  carbon  filament 
lamps,  measures  only  4^  inches  in 
length  and  3  inches  in  diameter.  Nernst 
lamps  are  designated  according  to  the 
number  of  glowers  they  contain,  that  is, 
single,  two,  four  and  six-glower  lamps. 


THE  DICTAPHONE. 

The  Dictaphone  is  a  machine  for  re- 
cording speech.  It  is  an  improvement 
on  the  commercial  graphophone  or 
phonograph  and  like  these,  records  the 
dictator's  words  on  wax  cylinders. 

Speech  or  sound  consists  of  waves  or 
vibrations  of  the  air.  These  passing 
from  the  speaker's  mouth  through  a  flex- 
ible tube  strike  on  a  diaphragm  support- 
ed on  a  traveling  "carriage."  This  dia- 
phragm vibrates  and  carries  beneath  it  a 
sapphire  cutting  point.  This  point  as 
the  carriage  travels  the  length  of  the  ma- 
chine cuts  a  helix  or  spiral  on  the  hollow 
wax  cylinder  revolving  beneath. 

The  helix  is  a  V-shaped  groove  which 
extends  the  whole  length  of  the  cylinder. 
A  finished  wax  cylinder  looks  somewhat 
like  a  screw  2^2  inches  in  diameter  with 
many  threads  to  the  inch.  Each  thread 
has  little  indentations  on  its  sides. 

These  irregularities  are  those  produced 
by  the  slight  vibration  of  the  diaphragm 
above  mentioned  and  are  the  registra- 
tion of  the  sound  to  be  recorded. 

A  slight  pressure  of  the  foot  or  finger 
starts  the  cylinder  in  motion.  The  cylin- 
der is   supported   on   a  metal   mandrel. 


This  is  driven  by  a  motor  in  the  machine. 
The  electric  current  for  the  motor  can 
be  drawn  from  any  electric  light  socket. 

When  the  dictator  is  interrupted,  stops 
to  refer  to  papers  or  hesitates  for  a  word 
this  pressure  is  released  and  the  cylinder 
stops.  If  in  doubt  what  has  been  said 
the  machine  will  repeat  it  for  you.  A 
completed  cylinder  is  called  a  "record." 

After  a  record  has  been  partly  or  com- 
pletely finished  the  carriage  carrying  the 


THE    DICTAPHONE    IN   THE   OFFICE. 

diaphragm  and  its  sapphire  point  can  be 
slipped  back  to  any  desired  point  on  the 
cylinder.  Now  start  the  machine  and 
the  sapphire  will  follow  along  the 
groove,  fit  into  each  little  indentation  and 
make  the  diaphragm  vibrate  exactly  as 
it  did  when  recording.  This  vibrating 
diaphragm  starts  the  air  in  vibration  and 
we  have  the  original  dictation  faithfully 
reproduced  by  the  Dictaphone.  This 
enables  any  competent  typist  to  tran- 
scribe it  on  a  typewriter,  as  the  machine 
will  repeat  as  many  times  as  necessary. 
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PROTECTIVE  DEVICE  FOR  LINEMEN. 

A  device  for  the  protection  of  linemen 
working  on  high  tension  wires  is  shown 
in  the  accompanying  illustrations.  As 
will  be  observed,  the  device  is  simply  an 


LINEMEN'S    PROTECTIVE    DEVICE. 

easily  applied  extra  insulation  in  the 
form  of  a  rubber  trough,  called  the 
"shield,"  which  covers  not  only  the 
"live"  wires,  but  also  the  "tie"  wires,  and 
taps,  if  there  are  any.  In  the  use  of  the 
shield  each  wire  which  a  man  may  touch 


LINEMEN'S    PROTECTIVE    DEVICE   IN    USE. 

must  be  covered  with  a  shield  excepting 
only  the  wire  on  which  he  is  working. 
In  placing  the  shield  over  an  insulator 


the  lineman  grips  it  by  rubber  handles 
attached  to  the  outside  for  this  purpose, 
so  that  the  shield  is  between  his  hands 
and  the  wire.  He  then  slips  a  hard  rub- 
ber split  ring  (having  an  opening  of  one- 
half  inch  or  so  to  admit  the  wire)  over 
each  end  of  the  shield.  These  rings  clamp 
the  shield  firmly  to  the  wire  and  preclude 
any  possibility  of  its  becoming  dislodged 
and  falling,  to  the  danger  of  passers-by. 
Each  shield  is  tested  in  water  up  to 
30,000  volts,  and  allowing  a  factor  of 
safety  of  3  to  1  it  is  perfectly  safe  when 
used  on  circuits  of  10,000  volts. 


BELL    RINGER    THAT  DOES  NOT  USE 
BATTERIES. 

The  device  shown  in  the  illustration, 
known  as  the  Rollinson  bell  ringer,  will 
operate  buzzers,  door  bells,  hotel  calls, 
elevator  calls,  automatic  gas  lighters, 
etc.,  from  an  ordinary  no-volt  lighting 


BELL    RINGER   THAT    DOES   NOT   USE 
BATTERIES. 

circuit,  without  the  use  of  batteries. 
Where  the  premises  are  wired  for  direct 
current  a  small  rotary  converter  is  added 
which  consumes  less  current  than  the  or- 
dinary  16-candlepower  lamp. 

The  bell  ringer  is  made  in  three 
sizes,  all  three  taking  100  to  130  volts 
from  the  line  and  changing  it  to  6-13- 
19  and  8-16-24  volts  respectively  for 
supplying  the  bell  circuit  Using  alter- 
nating current,  the  device  may  be  said 
to  operate  without  cost  for  current,  as 
the   amount   oi   current    is  so  small  that 
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not  register  on  anv  meter. 
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PLAYING  A  PIANO  BY  ELECTRICITY. 

The  finished  technique  of  a  great  art- 
ist and  the  genuine  feeling  of  a  true 
lover  of  music  may  now  be  duplicated  at 
the  piano  by  any  one,  even  if  he  does  not 
know  one  note  from  another  and  cannot 
with  his  fingers  play  the  scale  of  C.  This 
is  only  another  of  the  wonderful  accom- 
plishments of  electricity — the  Tel-elec- 
tric piano-player  does  it. 

All  are  more  or  less  familiar  with  the 


spicuous  box-like  cabinet  under  the  key- 
board and  when  the  piano  is  not  being 
played  electrically  it  can  be  played  with 
the  hands  in  the  usual"  manner.  Duets 
can  even  be  played,  the  electrical  appa- 
ratus playing  one  part  and  the  human 
performer  playing  the  other  part. 

The  apparatus  which  controls  the  flow 
of  current  to  the  key-striking  devices  on 
the  piano  is  contained  in  a  neat  cabinet 
which  may  be  placed  in  any  part  of  the 


PLAYING   A    PIANO   BY   ELECTRICITY. 


pneumatic  piano-player  which  is  operat- 
ed by  foot  power.  One  must  be  more  or 
less  of  an  athlete  to  operate  one  of  these 
machines,  and  when  it  is  attached  to  the 
instrument  the  latter  is  not  available  for 
playing  by  the  ordinary  method.  The 
electric  mechanism  which  operates  the 
keys  in  the  electric  piano-player,  on  the 
other  hand,  is  all  contained  in  an  incon- 


room  and  even  in  a  distant  room  in  the 
house.  Wires  run  from  it  to  the  key 
operating  mechanism  on  the  piano. 

The  principle  of  operation  is  simple. 
In  the  transmitter  cabinet,  run  by  a  mo- 
tor, is  a  roll  or  strip  of  perforated  brass. 
The  perforations  correspond  to  the  notes 
of  the  composition,  as  in  the  paper  strip 
of  the  pneumatic  piano  player.     These 
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perforations  allow  electrical  contact  to 
be  made  and  broken  in  the  various  cir- 
cuits controlling  the  individual  key-strik- 
ing devices  at  the  piano.  Thus  electricity 
does  all  the  work  and  the  operator  has 
only  to  look  out  for  expression. 

Expression  is  governed  by  two  little 
attachments  or  knobs  on  the  transmitter 
cabinet  which  regulate  time  and  tone. 
Protruding  from  the  front  of  the  trans- 
mitter, convenient  to  the  left  hand,  is  a 
small  knob.  This  controls  the  speed  of 
the  music  roll.  The  slightest  turn  to 
the  left  or  right  alters  the  time  of  the 
music.  By  the  merest  turn  of  the  wrist, 
one  is  master  of  all  tempos,  from  the 
fiery  presto  to  the  solemn  largo.  Differ- 
ences in  the  volume  of  tone  are  the  other 
chief  means  of  musical  expression.  Con- 
venient to  the  right  hand  is  a  corre- 
sponding knob  extending  from  the 
transmitter.  This  controls  the  force  of 
the  electric  current  which  acts  upon  the 
piano  keys.  By  the  simplest  movement 
of  the  wrist,  the  performer  controls  a 
force  ranging  from  eight  volts  to  twelve 
volts,  and  thus  commands  every  grada- 
tion of  tone,  from  the  whispering  pianis- 
simo to  the  most  thunderous  fortissimo. 

Every  piano  is  equipped  with  two 
pedals,  commonly  referred  to  as  the  loud 
pedal  and  the  soft  pedal.  In  the  center 
of  the  right  hand  expression  knob  on  the 
transmitter  is  a  small  push-button  simi- 
lar to  an  electric  bell  button.  By  press- 
ing this  ever  so  slightly  with  the  thumb, 
which  lies  conveniently  over  it,  electric 
power  is  brought  to  bear  upon  the  soft 
pedal  at  the  piano,  resulting  the  same  as 
a  pressure  of  the  pianist's  foot.  It  is  the 
same  with  the  sustaining  pedal.  Thumb 
pressure  upon  a  corresponding  push-but- 
ton in  the  center  of  the  left  hand  expres- 
sion knob,  brings  the  sustaining  pedal 
into  action  by  electrical  force,  not  physi- 
cal labor. 

This  electric  piano  player  can  be  at- 
tached to  any  style  of  piano,  upright  or 
grand.  The  music  rolls  being  of  metal 
arc  practically  indestructible. 


ELECTRIC  DRIVEN  POLISHING  OUTFIT. 

BY    FRANK    C.    PERKINS. 

A  novel  electrically  operated  polishing 
machine  is  shown  in  the  accompanying 
illustration  which  is  particularly  valu- 
able about  an  engine  room,  an  electric 
power  plant,  in  office  buildings  or  on 
shipboard  where  brass  signs,  railings  or 
other  brass  work  requires  polishing  at 
frequent  intervals. 

As  will  be  seen  by  the  illustration  this 
electric    polishing    outfit    consists    of    a 


The  electric  furnace  is  capable  of  at- 
taining a  heat  of  7,200  degrees.  This 
is  a  fearful  temperature,  and  will  melt 
almost  every  solid  known  to  man.  In 
comparison  with  this  heat  a  red-hot  bar 
of  iron  would  be  called  cold. 


ELECTRIC    DRIVEN    POLISHING    OUTFIT. 

small  electric  motor  with  switch  mount- 
ed on  top  and  straps  for  swinging  it  over 
the  shoulder  of  the  operator.  On  the 
armature  shaft  of  the  motor  a  flexible 
shaft  is  provided  at  the  end  of  which  the 
polishing  disk  is  revolved,  with  a  con- 
venient handle  for  holding  it  in  any  posi- 
tion desired.  By  means  of  this  equip- 
ment a  vast  amount  of  work  can  he  ac- 
complished in  a  short  space  oi  time  and 
much  more  economically  than  by  hand 
labor.  This  unique  labor  saving  ilevice 
is  provided  with  a  long  flexible  cord  and 
an  attachment  plug  so  that  it  can  be  con- 
nected with  case  to  am  electric  lighl 
fixture. 
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PRACTICAL  ELECTRIC  APPLIANCES  FOR 
THE  PHYSICIAN. 

In  the  practice  of  medicine  and  sur- 
gery there  are  hundreds  of  ways  in 
which  electricity  is  now  applied,  not 
cnly  as  a  curative  agent  but  also  as  a 
mechanical  aid  in  the  diagnosis  and 
treatment  of  disease.  It  is  the  purpose 
of  this  article  briefly  to  describe  a  few 
of   the   latest   appliances   in  this   line,   a 


DIAGNOSTIC    LAMP. 

subject  of  interest  not  only  to  the  physi- 
cian and  surgeon  but  to  the  laity  as  well. 

In  diagnosing  diseases  of  the  throat, 
nose  and  even  of  the  stomach,  the  elec- 
tric incandescent  lamp  has  become  a 
■valuable  assistant,  permitting  the  inser- 
tion of  a  light  at  the  seat  of  the  trouble. 
One  of  the  illustrations  shows  a  diag- 
nostic l*mp  and  a  rheostat  for  operating 
it  from  the  ordinary  no- volt  alternating 
or  direct  current  lighting  circuit.  The 
large  lamp  in  the  illustration  forms  the 
rheostat  and  is  screwed  into  an  ordinary 
lamp  socket.  Current  comes  from  one 
light  wire,  flows  through  the  lamp  rheo- 
stat, wnose  high  resistance  cuts  down 
the  strength,  then  through  one  strand  of 
the  cord  to  the  little  incandescent  lamp 
in  the  end  of  the  tube,  and  then  back 
through  the  other  strand  of  the  cord  to 
the  other  side  of  the  light  circuit.  In 
this  way  the  small  diagnostic  lamp  burns 
brightly  without  being  burned  out  as 
would  be  the  case  if  the  rheostat  were 
not  employed. 

The  diagnostic  lamp  may  then  be  in- 
serted in  the  nose  and  throat  cavities,  or 


in  a  little  different  form  may  be  swal- 
lowed by  the  patient,  cord  and  all,  to 
light  up  the  interior  of  the  stomach,  en- 
abling the  physician  to  make  observa- 
tions through  the  body  tissues. 

The  therapeutic  lamp  is  designed  more 
especially  for  the  benefit  of  those  who 
desire  to  test  the  value  of  concentrated 
light  and  radiant  heat  as  a  therapeutic 
agent  without  investing  in  one  of  the 
large  and  more  expensive  lamps.  There 
seems  to  be  no  doubt  but  that  light  in 
this  form  is  distinctly  beneficial  in  many 
conditions  and  it  has  been  recorded  as  a 
specific  treatment  by  some  authorities  in 
some  few  conditions.  Necessarily  the 
essential  features  of  an  outfit  of  this  kind 
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THERAPEUTIC    LAMP. 


must  be  the  source  of  light  and  the 
means  for  concentrating  it  at  the  point 
desired. 

In  the  case  of  the  lamp  illustrated,  the 
light  is  supplied  by  an  incandescent  lamp 
of  special  construction,  designed  to  give 
the  greatest  possible  volume  of  light 
from  a  filament  occupying  comparatively 
small  space.  The  rays  given  off  by  this 
little  lamp  have  the  same  germicidal 
power  as  those  given  off  by  the  largest 
lamp  that  could  be  made,  though  of 
course  the  area  which  can  be  covered  at 
one  time  is  more  limited,  and  all  other 
known  effects  of  concentrated  light  may 
be  looked  for  with  certainty. 

It  is  now  generally  acknowledged  that 
superheating  the  medicated  air  used  in 
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the  treatment  of  certain  diseases  of  the 
ear  and  nose  greatly  enhances  its  value 
as  a  curative  agent.  The  electric  air 
heater  was  therefore  devised  for  this 
purpose.  The  heating  tube  which  is  en- 
closed in  the  outer  casing  is  so  construct- 
ed that  the  air  passes  not  only  through 
it  but  around  it.  The  heating  tube  can 
be   quickly   and  easily  removed  and  re- 


with  hot  water,  screw  the  heater  into  the 
bottle  in  place  of  the  stopper,  attach  to 
nearest  electric  light  socket  and  it  is  in 
operation.  It  works  on  either  direct  or 
alternating  current. 


s      ELECTRIC    AIR    HEATER. 

placed  by  a  new  one  at  small  expense, 
although,  with  ordinary  use,  a  tube  will 
last  for  two  years  or  more. 

A  medicator  or  receptacle  for  medi- 
cated felt  or  cotton  is  embodied  in  the 
heater,  so  placed  that  the  air  is  passed 
through  it  on  its  way  to  the  heating  tube. 
Access  to  the  medicator  is  had  by  un- 
screwing the  back  cap  or  cover.  A  heat 
radiating  "device  is  interposed  between 
the  back  of  the  heater  and  the  valves,  to 
prevent  the  metal  parts  that  come  in  con- 
tact with  the  operator's  hand  from  heat- 
ing to  an  uncomfortable  degree. 

Obviously  the  therapeutic  value  of  the 
hot  water  bottle  depends  directly  upon 
the  temperature  of  the  water,  which 
should  be  kept  at  a  constant  temperature 
of  about  135  degrees  Fahrenheit.  This 
is  accomplished  by  means  of  the  little 
electric  heater,  without  the  trouble  and 
annoyance  of  constantly  changing  the 
water  after  the  water  bottle  is  once  in 
place.  This  device  consumes  but  nine 
watts  of  current  and  the  cost  per  day  for 
Operating  i(  is  negligible. 

The  heater  passes  through  a  water 
tight  screw  stopper  calculated  to  tit  the 
ordinary  water  bottle.  Each  heater  is 
supplied  with  attachment  plug  and  con- 
ducting cord.  Simply  till  the  water  bottle 


WATER    BOTTLE    HEATER. 

Every  instrument  used  by  the  surgeon 
must  be  absolutely  asceptic.  This  is 
not  a  hobby  but  a  necessity  if  operations 
are  to  be  successful.  The  electric  steril- 
izer is  highly  satisfactory  for  this  pur- 
pose. The  heat  is  electrically  generated 
in  two  heating  tubes,  extending  the  full 
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INSTRUMENT    STERILIZER. 

length  of  the  sterilizer,  bather  one  or 
both  o\  these  tubes  can  be  put  into  serv- 
ice. The  resistance  wire  is  wound 
around  porcelain  tubes,  then  covered 
with  porcelain  and  baked,  this  construc- 
tion insuring  the  greatest  possible  dur- 
ability, and  in  ordinary  service  these 
heating  tubes  should  last  not  less  than 
two  years.     Owing  to  the  construction 
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and  method  of  installing  these  heating 
tubes  the  water  is  brought  to  the  boiling 
point  quickly  and  with  a  small  consump- 
tion of  current.  The  containing  vessel  is 
of  heavy  copper,  tinned  on  the  inner  sur- 
faces, the  exterior  being  left  in  polished 
copper.  The  usual  removable  tray  is 
provided.  The  outfit  is  supplied  with  at- 
tachment plug  and  cord,  and  is  all  ready 
to  be  attached  to  either  direct  or  alter- 
nating current. 


STREET  CAR  SIGNAL   BELLS    OPERATED 
FROM  TROLLEY  CURRENT. 

Operation  of  signal  bells  on  street  cars 
by  dry  batteries  is  often  unsatisfactory 
because  of  the  short  life  of  the  batteries 
and  the  necessity  of  constant  inspection 
and  renewal.  It  is  advisable,  therefore, 
to  provide  some  means  whereby  the  bells 


may  be  operated  from  the  trolley  current. 
Such  a  system  is  shown  in  the  cut  here- 
with, which  is  said  to  result  in  marked 
economy  over  dry  battery  installations. 

The  usual  trolley  voltage  is  between 
400  and  600  volts  direct  current.  This 
high  voltage,  if  applied  directly  to  the 
bells  would  of  course  burn  them  out,  so  a 
suitable  non-inductive  resistance  had  to 
be  worked  out  to  insert  in  the  bell  cir- 
cuit in  order  to  not  let  enough  current 
through  to  burn  out  the  bells.  This  re- 
sistance coil  constitutes  the  important 
feature  of  the  system  and  was  only  per- 
fected after  several  years  of  experiment. 

Connections  of  the  system  are  all  plain- 
ly shown  in  the  cut.  The  bells  are  locat- 
ed one  in  each  vestibule  and  the  push 
buttons  are  placed  between  the  windows 
or  in  other  places  convenient  to  the  pas- 
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AN  ELECTRIC  PUNKAH. 

The  punkah  wallah  is  known  to  every 
traveller  in  the  East  as  the  indispensable 
native  servant  who  sits  and  (except 
when  he  falls  asleep)  continually  jerks 
the  rope  connected  with  the  swinging 
curtain    fan,    called    the    punkah,    which 
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frame  swings  downward  the  friction 
piece  rubs  against  one  side  of  the  revolv- 
ing cone,  which  throws  the  frame  out  in 
one  direction.  As  the  frame  swings 
back  the  other  side  of  the  friction  piece 
engages  the  other  side  of  the  cone  and 
throws  the  frame  sharply  out  in  the  other 
direction.  This  movement  is  kept  up  as 
long  as  the  motor  runs,  the  ends  of  the 
friction  piece  being  beveled  so  that  it 
strikes  on  opposite  sides  of  the  cone  at 
each  throw. 

WATTMETER  FOR    TESTING    INCANDES- 
CENT LAMPS. 

Since  the  development  of  the  recent 
new  types  of  high-efficiency  incandes- 
cent lamps,  lamp  users  have  been  inter- 
ested to  know  the  efficiency  of  the  new 
lamps  as  compared  to  former  types.  The 
small  pocket  wattmeter  shown  in  the  cut 
is  designed  for  this  purpose.  It  is  a 
simple  instrument  for  measuring  the  cur- 
rent of  any  incandescent  lamp. 

The  instrument  may  be  used  on  di- 
rect or  alternating:  current  circuits  with- 


AN     ELECTRIC     PUNKAH. 

hangs  from  the  ceiling  in  the  well  regu- 
lated Indian  household.  Well,  the  days 
of  the  punkah  wallah  are  numbered.  An 
electric  punkah  has  at  last  been  in- 
vented. 

The  reason  that  all  mechanical  devices 
for  this  work  have  failed  is  that  the 
pleasant  breeze  that  the  hand  worked 
punkah  gives  is  due  to  a  turn  of  the  fan 
that  the  wallah  gives  by  jerking  the  rope 
at  each  turn.  In  order  to  obtain  a  "flick" 
similar  to  that  given  to  the  hand  worked' 
fan,  the  inventors  of  the  new  electrical 
punkah  have  devised  an  ingenious  piece 
of  mechanism. 

A  motor  is  hung  vertically  from  the 
ceiling  by  four  supports  and  on  the  lower 
end  o\"  the  vertical  shaft  is  a  conical  bod} 
barely  discernible  in  the  picture.  The 
frame  which  carries  the  fan  or  curtain 
swings  down  past  the  motor  on  hinged 
.inns.  To  this  frame  is  attached  a  leath- 
er covered  Friction  member  shown  di- 
rectly   in    front    of    the    motor.      A.S    the 


A    MINIATURE     WATTMETER. 

in  the  range  oi  its  calibration,  which  is 
up  to  150  watts  at  [18  volts.  Suppose, 
for  instance,  it  is  desired  to  compare  the 
current  consumption  o\  an  ordinary  car- 
bon filament  lamp  with  that  of  a  tungsten 
lamp.  Simprv  attach  the  lamp  cord  ter- 
minals as  shown  and  screw  one  oi  the 
lamps  into  the  base  oi  the  wattmeter. 
The  number  oi  watts  consumed  is  shown 
on  the  dial.  Then  remove  the  first  lamp 
ami  test  the  other  in  the  same  manner. 
Thus  an  accurate  comparison  is  obtained. 
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THE  "BULLETIN  SQUAD"  IN  A  TELEPHONE 
EXCHANGE. 

The  active  interest  that  Detroit  takes 
in  baseball  was  never  more  clearly  de- 
monstrated than  it  was  in  the  main  office 
operating  room  of  the  Michigan  State 
Telephone  Company  during  the  last  two 
weeks  of  the  baseball  campaign  last  fall. 
Xot  only  the  general  importance  of  the 
campaign,  but  also  the  relative  import- 
ance of  each  game  was  clearly  demon- 
strated. The  importance  of  a  deciding 
game  of  a  certain  series  in  relation  to 
other  games,  and  finally  the  superlative 
importance  of  that  last  deciding  game  of 


age  batteries  to  take  care  of  all  signals 
and  transmitters  for  ordinary  traffic  is 
225  amperes.  The  "peak  of  the  load"  is, 
of  course,  slightly  higher.  But  on  that 
baseball  Tuesday  the  ammeter  simply 
jumped  with  a  bang  to  its  limit  of  350 
amperes,  and  a  400-ampere  fuse  melted 
like  soft  butter  on  a  hot  stove.  So  it  was 
easy  to  guess,  with  the  engineers  and 
the  fans,  just  how  much  current  was 
used  and  how  much  enthusiasm  was 
burned  when  Detroit  won  the  pennant. 

The  operating  room  was  almost  the 
busiest  place  in  Detroit.  Line  lights 
twinkled  in  and  twinkled  out  like  a  car- 
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"THE    BULLETIN    SQUAD." 


the  campaign  might  all  be  mathematical- 
ly proportioned  from  the  telephone  traf- 
fic records.  As  graphically  described  by 
the  Michigan  State  Gazette,  on  that  last 
and  pennant-winning  Tuesday,  when  the 
cork  finally  flew  out  altogether  and  en- 
thusiasm spilled  all  over  the  city  in  im- 
measurable volumes,  the  fuse  on  the 
main  discharge  circuit  blew  out  altogeth- 
er and  for  45  awful  seconds  the  "Main 
Exchange,"  like  the  city,  was  "baseball 
mad." 

The  normal  "discharge"  from  the  stor- 


nival  of  fire-flies  in  a  June  meadow.  Nim- 
ble fingers  flew  from  answering  jack  to 
calling  jacks  like  parts  of  swift  machin- 
ery— and  they  were.  The  Michigan 
Central  Railroad  private  branch  ex- 
change lines  showed  no  less  than  19 
trunks  plugged  in  on  "baseball  operator" 
at  one  time. 

The  young  ladies  whose  pictures  are 
shown  herewith  answered  7,000  calls  an 
hour  for  the  main  exchange  alone — at 
least  they  counted  up  to  this  number,  and 
then  had  to  give  it  up  for  a  bad  job — 
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each  girl  is  sure  that  she  answered  all  of 
this  number  alone,  even  in  less  than  an 
hour,  when  it  got  "real  busy." 

All  "bulletin  service"  of  the  Detroit 
exchange  is  handled  by  the  equipment 
and  arrangement  of  special  operators 
shown.  The  operator's  sets  are  cut  in  at 
the  bottom  of  the  multiple  panels  on  ad- 
jacent strips  to  the  sub-exchange,  long 
distance  and  chief  and  information  oper- 
ator circuits.  Calling  subscribers  are 
therefore  directly  and  instantly  connect- 
ed with  the  bulletin  operators  by  the  reg- 
ular exchange  operators,  and  contrary 
to  the  popular  supposition,  regular  oper- 
ators do  not  give  out  the  information, 
but  are  left  free  to  handle  the  regular 
traffic. 


A  UNIQUE  LAMP  EXHIBIT. 

At  the  recent  convention  of  the  As- 
sociation of  Car  Lighting  Engineers, 
held  in  Chicago,  a  very  unique  and  in- 
teresting display  of  incandescent  lamps 
designed  especially  for  car  lighting  was 
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UNIQUE     LAMP     EXHIBIT. 

by    the    Columbia     [ncandescent 

Company.      The  exhibit    Is  shown 
iccompanying  illustration  and  was 


arranged  under  a  large  umbrella-like 
canopy.  All  of  the  incandescent  lamp 
family  were  represented ;  beginning  with 
the  carbon  filament  lamp  and  on  up 
through  the  metallic  filament  and  tan- 
talum to  the"  tungsten  lamp,  the  newest 
feature  in  incandescent  lighting.  The 
lamps  of  the  various  classes  were  all  on 
separate  circuits,  so  that  the  brilliancy 
and  light  giving  power  of  each  could  be 
studied  separately. 


ELECTRIC   SWEATING   BLANKET. 

The  great  benefit  derived  by  the  direct 
application  of  high  temperatures  in  a 
moderately  dry  atmosphere,  is  being  rec- 
ognized more  and  more  by  the  leading 
physicians.  To  meet  the  needs  of  hos- 
pitals and  private  families  for  an  appli- 


ELECTRIC    SWEATING    BLANKET. 

ance  which  would  immediately  supply 
this  heat  without  much  expense,  an 
electric  sweating  blanket  has  been  de- 
vised which  is  illustrated  herewith. 
These  blankets  are  now  used  in  the 
treatment  of  pneumonia,  pleurisy,  rheu- 
matism, enlarged  joints,  and  oftentimes 
in  connection  with  mud  bath  treatments. 
to  keep  the  mud  at  a  high  temperature. 

The  oatient  is  wrapped  in  sheets,  cov- 
ered with  heavy  woolen  blankets,  and 
placed  between  the  electric  sweating 
blankets.  The  current  consumed  is  about 
800  watts,  but  it  may  be  regulated  by  the 
rheostat  shown  in  the  illustration.  The 
treatments  usually  last  about  thirty  min- 
utes, and  the  results  arc  satisfactory  to 
patient  and  user  alike.  Inasmuch  a<  the 
blankets  are  light  and  flexible,  the  heat  is 
easily  controlled,  and  is  applied  to  every 
part  o\  the  person. 

These    blankets    are    cleanly  ;    arc 
ered  with  rubber  cloth,  and  are  pi 
ly  indestructible.     They  .  e   for  all 

voltages  up  to  250, 


HOW  TO  MAKE  A  HIGH  FREQUENCY  APPARATUS 


BY    H.    L.    TRANSTROM. 


Many  readers  of  Popular  Electricity 
have  been  interested  in  an  article  which 
appeared  in  August  in  which  I  described 
the  general  principles  of  an  outfit  pro- 
ducing high  frequency  currents,  and  in 
response  to  requests  to  give  the  details 
of  construction  of  such  an  outfit  this 
article  has  been  written. 

A  transformer  is  needed,  giving  ten  or 
20,000  volts  to  charge  the  condenser.  To 
construct  one  it  is  necessary  to  make  a 
core  from  soft  sheet  iron  strips,  with  a 
cross-section  2,y2  inches  square,  built  in 


a" H 

Connect  No.  2  and  4  together  for  series 
connection  and  for  parallel  No  J  &  2, And 

also    3  and  4. 

FIG.  1.   TRANSFORMER  FOR  HIGH  FRE- 
QUENCY WORK. 

the  shape  of  a  rectangle  8  by  14  inches 
outside  dimensions  and  3  by  9  inches  in- 
side (see  Fig.  1.) 

Cut  from  the  sheet  iron,  strips  2T/2  by 
$y2  inches  and  2J/2  by  11^2  inches,  suf- 
ficient to  make  a  mass  five  inches  thick 
of  each  size  when  compressed  in  a  vise. 

Then  take  three  strips  at  a  time  and 
build  a  core  of  the  dimensions  given  in 
Fig.  1,  leaving  the  top  section  unfinished 
until  the  secondary  coils  are  placed  in 
position. 

To  hold  the  core  in  shape  after  it  is 
assembled,  take  two  pieces  of  dry  wood 
12  by  3  by  \y2  inches  and  bore  a  hole  in 
the  ends  of  each,  nine  inches  apart.  Put 
one  board  on  each  side  of  the  bottom  sec- 
tion and  place  in  a  vise,  when  the  six- 
inch  bolts  can  be  drawn  tight  and  then 
the  core  will  be  rigid. 


On  the  vertical  sections  wrap  tightly 
two  or  three  layers  of  friction  tape  to 
within  2Y/2  inches  from  the  top.  Over 
this  wrap  a  couple  of  layers  of  Empire 
cloth. 

The  primary  consists  of  110  double 
turns  wound  in  a  single  layer  over  the 
Empire  cloth,  the  conductors  being  two 
No.  12  cotton-covered  copper  wires 
placed  side  by  side,  55  double  turns  on 
each  vertical  section   (see  Fig.  1.) 

Over  the  primary  winding  next  wind 
tightly  15  layers  of  No.  7  Empire  cloth 
9  inches  wide  and  we  are  ready  for  the 
secondary  winding. 

In  winding  the  secondary  much  care 
must  be  exercised,  as  a  transformer's  in- 
sulation is  no  better  than  its  weakest 
spot.  This  secondary  consists  of  20,000 
turns  of  No.  32  single  cotton-covered 
copper  wire  wound  in  eight  coils  of 
2,500  turns  each,  which  are  connected  in 
series,  four  coils  on  each  side. 

The  coils  are  rectangular  in  shape  1% 
inches  wide,  four  inches  square  inside 
and  six  inches  square  outside  dimen- 
sions. They  are  wound  on  a  form  ij4 
inches  wide  and  four  inches  square,  the 
lateral  edges  being  slightly  rounded  off 
to  facilitate  winding.  This  form  is  care- 
fully centered  and  a  metal  rod  about  six 
inches  long  of  any  convenient  size  is 
passed  through,  with  a  small  crank  fast- 
ened on  one  end.  To  keep  the  coil  from 
sliding  out  of  shape  make  two  disks 
seven  inches  in  diameter,  and  when  cen- 
tered screw  one  on  each  side  of  the 
form. 

Set  this  form  between  two  supports 
and  begin  winding,  first  a  layer  of  Em- 
pire paper  and  then  a  layer  of  wire  alter- 
nately, until  the  2,500  turns  are  on.  It 
will  be  found  very  easy  to  wind  this 
fine  wire  in  layers  if  it  is  allowed  to 
slide  over  a  rod  a  foot  or  so  away  and' 
guided  with  one  hand  while  winding 
with  the  other.  Leave  a  margin  of  34 
inch  in  each  layer. 

All  coils  should  be  tested  to  see  if 
there  are  any  bare  places  or  if  the  wire 
is  in  one  continuous  piece.  If  not,  do 
rot   attempt   to  use   it   as   it  will   surely 
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burn  out  when  run  a  short  time.  When 
all  coils  are  completed  they  should  be 
dried  in  an  oven,  not  too  hot,  and  then 
laid  flat  in  hot  petroleum  and  boiled 
for  several  hours,  and  then  left  to  cool 
in  the  mixture  until  set,  which  will  take 
quite  a  long  time. 

When  thoroughly  cold,  take  carefully 
out  of  the  mixture  and  after  taking  the 
surplus  off  the  coils,  assemble  on  the  core 
over  the  primary,  four  on  each  side.  To 
keep  the  coils  insulated  from  each  other, 
cut  36  squares  of  Empire  cloth  7  by  7 
inches  and  cut  out  of  their  centers  a  hole 
that  will  fit  snugly  over  the  Empire  cloth 
on  the  primary.  Use  six  thicknesses  be- 
tween   adjacent    coils,    there    being   only 


cante  9  by  4  by  0.1  inch  should  be  used 
to  separate  the  vertical  sets  of  coils. 
Make  a  box  of  close-grained  hardwood 
7  inches  wide  by  15  inches  high  by  14 
inches  long  inside  measurements  and 
coat  thoroughly  with  hot  paraffine  to 
make  it  perfectly  tight. 

When  the  transformer  is  set  in  the  box 
if  may  be  fastened  by  screws  to  the  bot- 
tom binding  boards. 

Bring  the  ends  of  the  primary  wires  to 
one  side  of  the  box  and  the  secondary  to 
the  other  side  where  they  can  be  con- 
nected to  proper  binding  posts.  The  sec- 
ondary wire  should  be  kept  clear  from 
the  core  and  be  led  out  through  hard 
rubber  rod  binding  posts.    The  four  pri- 
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FIG.  2   CONDENSER  FOR  HIGH  TREQUENCY  APPARATUS. 


six  places  to  use  these  separators. 

The  coils  should  all  be  connetced  in 
series  as  though  it  were  one  continu- 
ous wire  beginning  at  the  top  of  one  sec- 
tion and  ending  at  the  top  of  the  other. 
(See  Fig.  1). 

Connect  all  coils  so  that  they  have  the 
same  relation  to  one  another  as  the  turns 
in  the  primary.  Keep  the  coils  one  inch 
from  the  bottom  of  the  core  by  inserting 
narrow  strips  of  birch  wood  across  the 
binding  boards  and  cover  with  several 
thicknesses  of  Empire  cloth. 

When  all  the  coils  are  assembled  and 
connected  properly,  the  top  part  of  the 
core  may  be  completed.     A  sheet  o\  mi- 


litary wires  should  be  arranged  so  that 
tbe>-  can  be  easily  connected  either  in 
series  or  parallel. 

Boil  40  pounds  of  extra  amber  petrol- 
eum and  fill  the  box  to  the  top  and 
screw  fast  the  cover  and  the  transformer 
is  complete. 

Xext  we  construct  an  adjustable  con- 
denser of  17  plates  of  double  thickness 
window  glass  10  by  12  inches.  Coat  all 
the  plates  with  tin  foil  5  by  o  inches  on 
both  sides.  Leave  a  margin  of  two  inches 
on  top  and  sides  and  five  inches  on  the 
bottom.  On  eight  o\  these  plates  paste 
a  strip  oi  tin  foil  on  the  lower  right 
hand  corner  to  reach  the  bottom  and  on 
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the  other  nine  paste  them  on  the  lower 
left  hand  corner  of  the  foil.  These  are 
the  connectors  which  rest  on  two  copper 
strips  laid  parallel  four  inches  apart  on 
the  bottom  of  the  crate  with  binding 
posts  on  each  end.  The  strips  are  fast- 
ened on  and  insulated  from  the  bottom 
of  the  wooden  crate,  with  slots  in  the 
sides  to  receive  the  plates.  (See  Fig.  2.) 
The  Tesla  coil  consists  of  a  primary 
of  seven  turns  of  No.  6  bare  copper  wire 
and  a  secondary  of  180  turns  of  No.  22 
bare  copper  wire  wound  in  a  single  layer 
on    a    drum   6    inches    in    diameter    and 


inch  thick  driven  tightly  in  the  center  of 
the  top  and  well  rounded  off,  will  be 
the  discharge  rod,  being  connected  to 
the  top  end  of  the  secondary  wire. 

The  lower  end  of  the  secondary  ter- 
minates in  another  binding  post. 

On  the  primary  a  binding  post  is  fit- 
ted at  only  the  upper  end,  while  the 
other  connection  is  a  sliding  contact. 

For  a  spark  gap  take  a  glass  jar  about 
6  inches  in  diameter  and  8  or  10  inches 
in  height  and  make  a  hole  in  the  bottom 
54 -inch  in  diameter.  To  do  this  take 
clay  or  putty  and  lay  a  thick  layer  over 


T-  Transformer        L  -  Primary  of  Tesla  Coil 
C- Condenser  ^Secondary,, 

3-  Spark  gap  S- Sliding  Contact 

G- Ground 

FIG.    3.     CONNECTIONS    FOR   HIGH    FREQUENCY   APPARATUS. 


14  inches  long  made  of  dry  birch  boards 
glued  together  in  a  circle  and  then 
turned  off  in  a  lathe.  The  turns  of  wire 
are  carefully  spaced  apart  1-16  inch 
when  winding,  and  leave  a  margin  of  ^ 
inch  on  the  ends.  The  primary  is  wound 
on  a  wooden  drum  8  inches  in  diameter 
and  4^  inches  long,  the  turns  being 
carefully  spaced  apart  and  fastened.  The 
secondary  coil  is  set  on  top  of  the  pri- 
mary coil  and  the  base  fastened  to  the 
bottom  drum. 

Give  the  secondary  winding  a  coat  of 
orange  shellac,  being  careful  not  to  dis- 
turb the  turns  while  doing  so.  A  nice 
turned  top  can  be  added  for  appearance, 
and  a  brass  rod  4  inches  long  and   }£- 


the  center  of  the  bottom  of  the  jar.  Make 
a  %.  -inch  hole  in  the  clay  down  to  the 
glass  and  fill  with  hot  solder.  The  glass 
will  fall  out  the  shape  of  the  hole  in  the 
putty  or  clay. 

Make  a  cover  from  some  nice  hard- 
wood to  fit  tightly  in  the  top  of  the  jar, 
and  boie  a  hole  in  the  center,  in  which 
fasten  securely  a  threaded  ^4-inch  nut 
which  is  connected  by  a  wire  to  a  bind- 
ing post  on  one  edge  of  the  cover. 

A  %. -inch  rod  threaded  the  whole 
length  is  fitted  with  a  hard  rubber  han- 
dle Ya,  by  3  inches  long.  This  is  screwed 
in  the  threaded  nut.  The  length  of  rod 
depends  on  the  height  of  jar  used.  An- 
other rod  is  fitted  with  a  metal  ball  }i~ 


POPULAR    ELECTRICITY 


545 


inch  in  diameter  and  inserted  in  the  hole 
in  the  bottom  and  then  through  a  base  of 
hardwood  on  which  a  binding  post  is 
placed. 

Now  to  operate  the  completed  appara- 
tus connect  as  per  diagram,  Fig.  3. 

Connect  the  lower  terminal  of  the 
secondary  of  the  Tesla  coil  to  a  good 
ground  with  stranded  wire  as  a  stranded 
wire  is  a  better  conductor  for  high  fre- 
quency currents  than  is  solid  wire. 

Although  I  obtained  the  results  shown 
in  the  August  issue  by  using  the  pri- 
mary in  parallel  on  no  volts  60  cycles, 
consequently  20,000  volts  secondary 
voltage,  yet  I  have  obtained  as  good  re- 
sults with  better  control  by  using  the 
primary  sections  in  series  and  an  adjust- 
able choke  coil  in  series  with  them.  The 
choke  coil  can  be  made  from  a  mass  of 
sheet  iron  2]/2  by  2^  by  8  inches,  which 
is  inserted  in  a  hollow  coil  of  No.  10 
copper  wire  of  no  turns. 

By  inserting  the  core  in  the  coil  the 
current  can  be  varied  according  to  the 
depth  inserted.  This  outfit  is  for  the  uni- 
polar or  single  pole  method  of  generat- 
ing high  frequency  currents.  If  all  con- 
nections are  correctly  made  the  spark 
gap  should  be  turned  until  the  spark  will 
just  jump  easily,  then  on  the  primary  of 
the  Tesla  coil  move  the  sliding  contact 
on  the  second  turn  from  the  top.  If  the 
coil  does  not  do  as  shown  in  the  picture 
in  the  August  issue  move  the  contact  on 
the  next  turn  and  so  on  until  it  does. 

To  light  a  lamp  use  the  fourth  or  fifth 
turn  and  slide  the  lamp  along  the  side 
until  the  brightest  light  is  obtained. 

Always  disconnect  the  primary  of  the 
transformer  before  attempting  to  adjust 
the  different  parts. 

By  adding  condenser  plates  or  taking 
them  out  of  the  crate,  one  by  one,  the 
coils  will  be  brought  in  tune  under  cer- 
tain  conditions. 


tion  belongs  to  the  United  States,  there 
being  a  line  at  Camp  Bird,  Colorado, 
which  is  13,000  feet  above  the  sea  level. 


In  an  article  in  the  December  issue  of 
this  magazine  under  the  title  of  "Tele- 
phone Line  Over  the  Alps,"  it  was  stated 
that  the  line  under  consideration  is  sit- 
uated at  the  greatest  altitude  o\  any  tele- 
phone line  in  the  world,  being  [1,962 
feet  above  the  sea  level.  From  later  in- 
formation obtained,  it  would  appear, 
however,  that  the  record  o\  high  eleva- 


ELECTRIC  WARMING  PAD, 

The  electric  warming  pad  illustrated 
below  takes  the  place  of  the  old  style 
cumbersome  hot  water  bottle.  It  has 
numerous  advantages  over  the  water  bot- 
tle, as  it  is  very  light,  is  flexible  and  may 
be  bound  around  a  limb  or  over  a  shoul- 
der, and  gives  a  very  mild  and  beneficial 
dry  heat. 

The  heating  element  is  inclosed  in  an 
asbestos    covering   and    is    very    flexible. 


ELECTRIC    WARMING     PAD. 

Outside  of  this  is  a  covering  of  canvas, 
and  an  eiderdown  casing,  which  may  be 
removed  and  easily  washed. 

In  the  exact  center  oi  the  pad  is  lo- 
cated a  thermostat  which  automatically 
cuts  off  the  current  when  the  temperature 
rises  to  the  proper  degree.  In  this  way 
the  pad  may  be  put  into  service  and  left 
all  .night  long,  without  any  danger  of 
burning  or  setting  fire  to  the  bed  cloth- 
ing. 

The   pads   are   equipped   with   a   three- 
heat   switch   which   enables  the  patient 
obtain   either  a   minimum,  mild   or 
heat,  as  desired.     Usually    the    Ful 
is  used   when   starting  the  pad.  and   it     s 
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then  turned  down  to  mild  heat,  and  left  immediately  outside  of  the  poultice.     In 

for  the  remainder  of  the  treatment.  this  way  the  patient  receives  the  beneficial 

The  pads  are  furnished  complete  with  effect  of  the  poultice,  together  with  that 

ten  feet  of  cord,  and  may  be  had  in  either  of  heat. 

eiderdown  or  rubber  covering,  as  desired.  It  is  said  by  some  that  the  presence  of 
In  cases  where  hot  poultices  are  to  be  an  electric  field  in  the  pads  has  a  sooth- 
applied  and  maintained  at  a  high  tern-  ing  effect  upon  the  nerves,  and  that  all 
perature  for  a  long  time,  the  rubber  cov-  pain  is  relieved  a  few  moments  after  the 
ering  should  be  used,  and  the  pad  placed  pad  is  applied. 


POPULAR  ELECTRICITY  WIRELESS  CLUB. 

Ever  since  the  appearance  of  the  first  number  of  Popular  Electricity,  last 
May,  we  have  been  impressed  by  the  remarkable  interest  displayed  by  our  readers 
in  the  subjects  of  wireless  telegraphy  and  telephony.  Every  day  our  correspond- 
ence contains  letters  from  experimenters  asking  questions  relative  to  the  design 
and  construction  of  apparatus  and  describing  equipments  that  they  have  built, 
and  this  or  that  device  which  they  have  found  useful  in  the  operation  of  their 
systems.  If  wireless  communication  does  not  become  a  great  commercial  suc- 
cess, it  will  not  be  because  of  any  lack  of  enthusiastic  supporters,  for  the  subject 
is  one  which  interests  thousands — amateur  and  professional. 

In  order  to  bring  these  widely  scattered  workers  in  close  touch  with  each 
other,  so  that  their  experiences  may  be  mutually  beneficial,  we  will  make  the 
"Popular  Electricity  Wireless  Club"  a  feature  of  this  magazine.  Those  experi- 
menting in  wireless  telegraphy  or  telephony,  who  have  actually  built  or  are 
building  a  wireless  equipment,  are  eligible  to  membership  in  the  Club,  and  the 
department  will  be  made  a  clearing  house  for  their  ideas. 

No  expense  will  be  attached  to  membership  in  the  Club,  but  each  member 
will  be  required  to  fill  out  a  blank,  giving  his  full  name  and  address  and  some 
brief  information  concerning  the  nature  and  scope  of  his  equipment.  A  file  will 
be  kept  of  this  data  and  from  time  to  time  revised  lists  of  the  names  will  be 
sent  to  each  member. 

The  success  of  the  Club  and  of  the  department  in  Popular  Electricity 
devoted  to  its  interest  will  depend  largely  on  the  members.  They  can  contribute 
to  this  success  by  sending  in  descriptions  of  the  apparatus  they  have  constructed, 
the  difficulties  they  have  encountered  and  how  they  were  overcome. 

Questions  regarding  wireless  work  will  be  answered  in  this  department 
instead  of  in  the  regular  department  of  questions  and  answers,  which  appears 
elsewhere  in  the  magazine,  and  articles  of  an  interesting  and  instructive  nature 
written  especially  for  Popular  Electricity  will  appear  from  month  to  month 
in  the  pages  devoted  to  the  doings  of  the  Club. 

In  short,  it  is  our  intention  to  make  this  department  of  the  magazine  a  com- 
plete index  to  the  developments  which  are  constantly  taking  place  in  the  rapidly 
widening  field  of  wireless  communication.  As  a  member  of  "Popular  Electricity 
Wireless  Club"  you  can  help  in  this  work. 

Application  blanks  will  be  sent  to  those  who  wish  to  secure  membership,  and 
a  neat  Club  button  will  be  given  free  to  each  member.  From  the  interest  mani- 
fested in  wireless  work  this  membership  will  reach  a  thousand  inside  of  twelve 
months.    Let  your  name  be  one  of  the  first. 
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ELECTRIC  SHIP  SCRUBBER. 

The  problem  of  the  protection  of  the 
sheathing  of  ships  from  the  innumerable 
enemies  that  attack  it  while  the  vessel  is 
at  sea  is  an  old  and  difficult  one.  Hun- 
dreds of  patents  have  been  taken  out  on 
devices  to  clean  the  ship  without  the  ne- 
cessity for  dry  docking,  and  devices  have 
been  introduced  for  keeping  the  enemy 
from  fastening  to  the  ship's  bottom.  But 
none  has  been  successful.  Barnacles  and 
weeds  will  attach  themselves  to  the  bot- 


ELECTRIC    SHIP    SCRUBBER. 

torn  of  the  vessel  and  these  must  be  la- 
boriously cleaned  off  whenever  the  ship 
is  so  handicapped  by  them  that  its  speed 
is,  hindered. 

An  electric  scrubber  has  just  been  in- 
vented in  England  that,  it  is  claimed, 
solves  the  problem  satisfactorily  and 
simply.  The  scrubber  works  by  being 
drageed  up  and  down  under  the  hull  of 
the  ship  by  ropes.  By  the  use  of  elec- 
tricity it  is  made  to  cling  to  the  steel 
sides  of  the  ship  like  a  magnet. 

The  mat  of  the  scrubber  is  a  series  of 
battens  carrying  the  brushes  and  mag- 
nets. Position  chains  are  passed  a  rem  ml 
the  ship  at  the  bow  and  stern  and  be- 
tween these  hauling  hawsers,  carrying 
the  mat,  are  moved  fore  and  aft  by  a 
steam  winch. 

When  the  mat  is  hung  over  (he  ship's 
sides  and  into  position  the  current  is 
switched  on.     [n  that  condition  the  apex 


of  the  curve  of  each  magnet  touches  the 
ship's  side,  but  the  brushes  do  not  touch. 
When  hauling  begins  the  battens  cant, 
thus  bringing  the  fore  edge  of  each 
brush  into  contact  with  the  ship ;  at  the 
same  time  the  fore  side  of  the  magnet 
becomes  engaged. .  The  backs  of  the  bat- 
tens are  so  contrived  as  to  ensure  this 
canting  or  rocking.  Since  the  mat  has 
to  travel  forward  and  aft,  the  arrange- 
ment has  to  be  double  ended,  thus  each 
leading  batten  has  its  back  made  with 
one  bevel  on  its  outer  edge,  but  each 
middle  batten  has  both  edges  bevelled. 

The  current  can  be  supplied  from  the 
ship  itself,  if  necessary.  The  scrubber 
can  be  manipulated  by  a  few  men,  and 
it  has  been  demonstrated  that  an  18,000- 
ton  battleship  can  be  scrubbed  in  12 
hours.  The  cost  of  cleaning  a  ship  by 
this  method  is  small.  It  is  said  that  a 
4,000  ton  ship  can  be  cleaned  in  about 
eight  hours,  at  a  cost  of  $100. 


REGULATING  CLOCKS  BY  WIRELESS. 

An  Austrian  inventor  has  perfected  a 
system  for  the  regulation  of  clocks  by 
energy  transmitted  through  space,  on 
the  principle  of  the  wireless  telegraph. 
For  three  years  his  plan  has  been  work- 
ing on  a  limited  scale  in  Vienna  with 
great  success,  and  it  is  proposed  to  start 
a  regular  time-keeping  service  to  be  run 
from  a  central  official  clock,  by  wire- 
less. 

This  system  automatically  sets  the 
clock  once  every  minute  and  has  opera- 
ted successfully  through  heavy  rain 
storms,  lightning  and  hurricanes.  It  is 
possible  by  it  to  regulate  accurately  any 
number  of  clocks  within  a  radius  of 
many  miles  at  a  very  small  cost,  as  the 
expense  of  wiring  is  entirely  done  away 
with. 


ELECTRIC    SHOCKS     FOR    PERVERSE 
CHILDREN. 

A  novel  cure  for  naughtiness  and  gen- 
eral perversity  in  children  is  advocated 
by  Or.  Elbert  Landone,  a  noted  author- 
it)  on  child  culture,  lie  maintains  that 
a  few  light  shocks  oi  electricity,  ju- 
diciously applied,  are  the  most  effective 
means  of  punishment.  In  one  instance 
a  child  of  five  was  thoroughly  broken  of 
obstinacy  within  three  days  from  the  be- 
ginning" o\  the  treatment. 
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TESTING    STREET    CAR    FENDERS    AND 
WHEEL  GUARDS. 

The  New  York  Public  Service  Com- 
mission of  the  First  District  recently  car- 
ried out  a  series  of  tests  to  determine  the 
most  efficient  types  of  street  car  fenders 
and  wheel  guards.  The  Parmenter  fen- 
der and  wheel  guard,  submitted  by  the 
Elmer  P.  Morris  Company,  met  with 
the  highest  approval  of  the  commission, 
and  several  views  of  it,  and  of  the  tests 
are  shown  herewith.  The  tests  were  car- 
ried out  by  using  a  series  of  life  sized 
dummies  to  represent  an  adult  man, 
adult  woman  and  a  boy. 

The  male  size  was  five  feet  eleven 
inches  tall  and  weighed  170  pounds.  The 


The  same  general  Construction  was  used 
for  the  female  and  the  boy.  The  weight 
of  the  female  body  was  120  pounds, 
height  five  feet  seven  inches.  The  weight 
of  the  smallest  dummy  was  60  pounds 
and  it  was  made  to  represent  in  size  a 
nine-year-old   child. 

These  bodies  were  placed  in  the  fol- 
lowing positions  on  the  track:  Stand- 
ing up  facing  the  car;  standing  up  back 
to  the  car;  standing  up  side  to  the  car; 
lying  down  straight  across  the  track; 
lying  down  diagonally,  head  on;  lying 
down  feet  on  track;  lying  down  parallel 
with  track;  head  on ;  lying  down  parallel 
with  track,  feet  on ;  lying  on  track  head 
on  with  arm  on  rail. 


EIG.  1.     STREET   CAR  FENDER  AND        DUMMIES    USED    IN    TESTING. 


bodies  were  made  the  exact  dimensions 
of  a  male  person,  being  jointed  the  same 
as  a  human  being,  and  weighted  on  the 
interior  in  the  same  proportion  as  a  hu- 
man body.  The  dummies  were  made  of 
wood,  wrapped  with  adhesive  tape  to  pre- 
vent splitting,  and  then  sheet  lead  was 
fastened  to  the  various  parts  of  the  body 
to  conform    to   the   weight   of    a   man. 


Each  one  of  the  dummies  was  given 
a  test  by  the  various  fenders  at  eight 
miles  per  hour  on  the  cobble  stones,  and 
eight  miles  per  hour  on  asphalt.  The 
Parmenter  fender  is  shown  on  the  right 
in  Fig.  1,  which  also  shows  the  types  of 
dummies  used.  Fig.  2  shows  the  wheel 
guard  as  used  on  the  pay-as-you-enter 
cars  in  New  York  City.     Fig.  3  shows 
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FIG.    2.      IMPROVED   WHEEL    GUARD. 
/ 

the  wheel  guard  in  the  act  of  picking  up 
a  dummy. 

It  was  thoroughly  demonstrated  by  the 
tests  and  was  the  opinion  of  all  railroad 
men  present  that  a  wheel  guard  placed 


FIG. 


WHEEL  GUAlin    PICKING    VV 
DUMMY. 


immediately  in  front  of  the  wheels  is 
the  only  safe  and  practicable  device  to 
be  used  in  cities  where  the  traffic  is 
heavy,  while  the  fender  is  most  efficient 

on  the  front  of  cars  used  on  iuterurbau 
lines  or  in  small  cities. 


INSULATING  A  HIGH  TENSION  TRANS- 
MISSION LINE. 

Few  people  outside  of  the  engineering 
fraternity  realize  the  precautions  that 
must  be  taken  in  the  construction  of  a 
modern  electric  transmission  line.  Two 
or  three  wires  strung  on  a  line  of  poles 
is  all  that  it  means  to  most  of  us.  But 
years  and  years  of  experiment  and  thou- 
sands of  tests  and  trials  have  been  neces- 
sary to  make  possible  the  transmission  of 
current  at  100,000  volts  and  even  110,000 
volts  which  is  now  an  actual  accomplish- 
ment. Why  are  these  enormous  voltages 
necessary?  It  is  simply  a  matter  of  dol- 
lars and  cents.  Suppose  electric  power 
were  to  be  delivered  from  a  power  plant 
to  a  point  200  miles  away.  This  could 
be  done  by  a  current  of  500  volts  or  even 
less.  But  the  plan  would  not  be  practic- 
able because  such  a  puny  voltage  or  pres- 
sure would  not  be  sufficient  to  force  the 
current  through  200  miles  of  wire  unless 
the  latter  were  so  large  (to  decrease  the 
resistance)  that  the  cost  of  the  copper 
would  be  more  than  that  of  the  plant,  and 
would  represent  an  investment  the  inter- 
est on  which  would  eat  up  all  profits  of 
the  undertaking.  Consequently,  as  the 
distances  of  transmission  have  gradually 
been  increased,  year  by  year,  the  line  volt- 
age has  been  increased  correspondingly 
until,  as  stated  above,  it  has  in  one  in- 
stance reached  110,000  volts. 

How  to  generate  these  immense  volt- 
ages has  been  by  far  a  more  easy  problem 
than  how  to  insulate  the  line  so  that  the 
electricity  will  not  jump  or  leak  to  the 
earth.  Little  glass  insulators  did  at  first. 
then  small  porcelain  ones,  then  larger 
ones.  Then  petticoat  after  petticoat  were 
added  in  the  design  until  finally  the  insu- 
lators became  so  large  and  expensive  that 
it  was  impracticable  to  go  further  with 
this  design,  which  was  carried  by  a  pin. 
So  finally,  when  engineers  were  studying 
how  they  could  insulate  100.000  or  1  10.- 
000  volts  some  one  hit  upon  the  plan  of 
making  a  suspended  type  of  insulator 
made  up  of  several  sections,  one  above 
the  other.  Such  an  insulator  is  shown  in 
the  picture  tinder  test  in  the  rain  and 
carrying  200,000  volts. 

From  the  point  where  the  insulator  is 
suspended  to  the  point  of  attachment 
the    wire   is    perhaps    two   or   three    feet, 
hut  note  the  waviu  which  the  electricity 
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"slops"  over  from  section  to  section,  fol- 
lowing the  rain  drops  and  the  surface  of 
the  porcelain.  This  insulator  finally 
broke  down  under  the  strain  of  200,000 
volts,  which  of  course  was  higher  than  it 
would  be  called  upon  to  carry  under 
working  conditions. 

These  insulators  are  made  of  a  spe- 


TESTING  A  HIGH   TENSION  INSULATOR. 

cial  high-grade  porcelain,  ingredients  for 
which  are  brought  from  the  far  ends  oi 
the  earth.  They  must  be-  absolutely  flaw- 
less, for  one  weak  place,  like  the  pro- 
verbial weak  link  in  a  chain,  means  the 
destruction  of  the  insulator.  They  must  be 
carefully  glazed  so  that  dust  will  not  ac- 
cumulate on  the  surface,  or  if  a  small 
amount  does  collect  it  will  be  readily 
washed  off  by  the  rain.  The  petticoats 
must  not  be  too  flat  or  they  will  collect 
dirt.  They  must  not  be  too  steep  or  the 
edges  will  be  close  to  the  center  and  the 
electricity  in  its  tendency  to  climb  up  will 
find  too  short  and  easy  a  path  to  jump 
from  one  petticoat  to  the  edge  of  the 
next.  In  short  the  design  must  be  "just 
so"  and  on  this  feature  alone  many  en- 


gineers and  designers  spend  their  whole 
time  trying  this  shape  and  that,  design- 
ing them  theoretically  at  first  and  then 
building  samples  and  trying  them  out 
practically. 


ELECTRIC  MASTICATOR  FOR  THE  MANU- 
FACTURE OF  CHEWING  GUM, 

"  ■  Electric  driven  masticators  are  impor- 
tant accessories  in  the  manufacture  of 
chewing  gum  and  are  used  for  knead- 
ing and  malaxating  the  constituents  of 
the  gum.  One  of  the  machines  is  shown 
in  the  accompanying  picture.     The  pe- 


THE   ELECTRIC    MASTICATOR. 

culiar  kneading  blade  revolves  in  two 
hollow  semi-cylinders,  intersecting  in 
each  revolution  successfully  every  point 
on  the  surface  of  the  surrounding  cyl- 
inder, so  that  no  particle  of  material  can 
escape  getting  in  the  axle  of  the  blades. 
The  apparatus  is  arranged  for  reversing 
so  that  the  blade  may  be  made  to  re- 
volve forward  or  backward,  thereby  ac- 
celerating the  process  of  mixing  and  the 
discharge  of  the  material. 

An  electric  motor  of  six  to  eight  horse 
power  is  required  for  operating  this  ma- 
chine at  a  speed  of  100  revolutions  per 
minute.  It  has  a  capacity  of  46  gallons 
of  material  weighing  380  pounds,  and 
the  total  weight  of  the  machine  is  about 
2V2  tons. 
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NEW  POWER  TRANSMISSION  FOR  ELEC- 
TRIC AUTOMOBILES. 

An  innovation  has  been  made  in  the 
design  of  electric  automobiles  which  is 
somewhat  similar  to  that  made  by'  the 
introduction  of  the  chainless  bicycle  in 
days  gone  by.  It  consists  of  a  worm 
wheel  drive  which  does  away  with 
chains,  chain  housings,  strut  rods,  etc. 
The  latest  type  of  Maxim-Goodrich  car 
has  this  distinguishing  feature. 

The  motor,  suspended  from  the  rear  of 


NEW   POWER   TRANSMISSION  MECHANISM. 

the  chassis  in  a  fore  and  aft  position,  has 
its  armature  shaft  extended  backward. 
Upon  the  extension  is  directly  mounted 
the  worm.  This  meshes  with  its  wheel, 
which  is  supported  in  a  separate  hous- 
ing attached  directly  to  the  end  of  the 
motor.  All  of  the  power  producing  and 
transmitting  mechanism  is  thus  confined 
to  one  compact  unit  as  shown  in  the 
rear  view  of  the  car. 

A  solid  rear  axle  carries  the  weight 
cf  the  rear  of  the  vehicle,  passing  in 
front  of  the  motor  and  transmission  unit. 
The  rear  wheels  are  driven  through  uni- 
versal jointed  shafts,  which  connect  the 
.tub  shafts  of  the  differential  with  the 
rear  wheel   hubs. 

Another  feature  i^\  this  ear  is  hi  the 
arrangement  o\  the  controller  handle 
which  turns  the  current  on  and  ol'(  from 
the  motor.      As  shown  in   the  small  illus 


tration  this  controller  handle  is  mounted 
on  the  steering  post.  The  convenience  of 
this  novel  arrangement  is  evident  at  a 
glance.  The  left  hand  rests  naturally 
upon  the  controller,  while  the  right  hand 


COMBINED    STEERING    POST    AND    CON- 
TROLLER. 

does  the  steering,  and  there  is  conse- 
quently no  need  of  a  lever  at  the  side  of 
the  cushion  to  take  up  seat  space  and  to 
catch  the  garments  of  the  driver. 


ELECTRICAL  PHENOMENA  OF  THE  GRAND 
PLATEAU. 

Owing  to  the  peculiar  topographical 
formation  of  Bolivia,  electric  and  other 
phenomena  are  of  constant  occurrence, 
the  principal  zone  where  such  disturb- 
ances take  place  being  the  Grand  Pla- 
teau. As  the  atmosphere  is  heavily 
charged  with  electricity,  both  in  summer 
and  winter,  dry  or  electric  storms  are 
of  frequent  occurrence,  both  on  the  pla- 
teau and  in  the  valleys.  Before  the  rainy 
season  sets  in  electrical  accumulation  be- 
comes considerable  on  the  plateau  region, 
its  most  violent  manifestations  taking 
place  toward  the  eastern  section  yn  the 
tablelands.  An  electrical  storm  in  these 
regions  is  always  a  most  imposing  spec- 
tacle, as  the  tremendous  force  of  the 
wind,  almost  equal  to  a  hurricane,  and 
the  heavy  electrical  accumulation  in  the 
clouds  produce  terrible  atmospheric  ex 
plosions  and  violent  detonation-,  while 
the  surface  o\  the  ground  sparkles  and 
crackles. 


THE  ART  OF  ELECTRIC  WELDING. 


One  of  the  first  characteristics  of  the 
electric  arc  to  be  observed  was  the  great 
localization  of  heat.  Metals  like  plati- 
num which  could  not  before  be  melted 
were  readily  fused  when  inserted  in  the 
path  of  the  arc.  C.  William  Siemens, 
one  of  the  pioneers  in  electric  lighting 
in  Europe,  was  the  first  to  make  applica- 
tion of  the  arc  as  an  electric  furnace, 
and  he  used  a  conducting  crucible  for 
one  terminal  of  his  circuit  and  a  piece 


The  man  to  first  see  these  limitations 
and  develop  a  really  practical  method 
of  electric  welding  was  Prof.  Elihu 
Thomson,  and  under  his  patents  and 
others  owned  by  the  Thomson  Electric 
Welding  Company  of  Lynn,  Massachu- 
setts, the  art  has  been  exclusively  de- 
veloped. The  principle  which  Thom- 
son adopted,  and  which  is  today  the  only 
practicable  system  of  electric  welding 
was  to  force  directly  through  the  metal 
to  be  heated  such  large  volumes  of  elec- 
tric current  that  everv  molecule  of  the 


AUTOMATIC    CHAIN    WELDER. 

The  links  of  the  chain  are  first  nearly  closed  by  mechanical  means 
and  then  the  chain  is  run  through  the  machine  as  shown,  electricity 
completing  the  process. 


of  circular  carbon  for  the  other.  When 
the  two  were  brought  together  and  then 
drawn  apart  an  arc  was  formed  between 
them,  and  pieces  of  metal  or  ore  thrown 
in  the  crucible  were  easily  melted. 

De  Meritens,  a  Frenchman,  substi- 
tuted for  the  crucible  the  metal  object 
itself,  from  which  an  arc  was  drawn. 
resulting  in  the  melting  of  the  object. 
The  arc  has  also  been  used  in  some- 
what the  same  manner  as  a  blow  pipe, 
the  arc  being  blown  onto  the  object  to 
be  melted,  either  by  an  air  blast  or  by 
the  repulsion  effect  of  an  electromagnet. 
The  process,  however,  is  limited  in  its 
application,  being  used  principally  for 
filling  up  blow-holes  in  castings. 


WELDING  BUCKLES  WITH  THE  AUTOMATIC 

ELECTRIC  WELDER. 

The  boy  has  only  to  put  in  the  buckle,  which  drops  out  after  being 
welded.     To  weld  a  buckle  requires  3,000  watts  for  one  second. 

mass  traversed  by  the  current  would  be 
brought  to  the  desired  temperature,  the 
same  as  the  filament  of  an  incandescent 
lamp  is  brought  to  white  heat.  The 
heat  is  not  imparted  by  conduction, 
working  inwardly  as  in  the  arc,  furnace 
or  the  blacksmith's  forge,  but  is  gen- 
erated directly  in  the  interior  of  the 
mass  itself,  working  outwardly  and  ex- 
pelling impurities  in  the  metal. 

In  some  of  the  earlier  apparatus, 
known  as  direct  welders  and  used  only 
for  small  work,  the  alternating  currents 
for  welding  were  generated  in  the  dyna- 
mo and  carried  to  the  clamps  directly, 
without  transformation,  and  the  clamps 
and  mechanical   devices  were   all   incor- 
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porated  in  the  dynamo.  This  form  of 
apparatus,  while  useful  where  current 
could  not  readily  be  obtained,  had  many 
complications  and  was  abandoned  for 
what  are  known  as  indirect  welders,  the 
welder  being  no  part  of  the  dynamo  but 
connected  by  wires  to  it  or  to  any  suit- 
able  electric   circuit,   the  apparatus  em- 


WELDING  A  STEEL  RING   1\  by  \    INCH. 

Left  hand  opens  the  circuit  which  is  closed  automatically  when  the 
weld  is  completed  by  operation  of  the  right  hand  lever.  1 0,000  watls 
or  about  1 3  horse-power  are  used  for  1  h  seconds. 


ployed  consisting  of  a  transformer  pro- 
vided with  suitable  clamps  and  pressure 
devices,  called  the  welder,  to  hold  and 
upset  the  pieces  to  be  welded,  and  ap- 
paratus to  regulate  the  flow  of  current 
for  varying  sizes  of  stock.  The  shape 
and  size  of  the  pieces,  also  quality  of  the 
metal,  determine  very  largely  the  kind 
of  clamps  and  pressure  devices  to  be 
used. 

In  welding  small  wire  end-to-end,  for 
continuous  lengths  or  for  hoops,  a 
spring  is  usually  employed,  the  tension 
of  which  draws  the  clamps  together  fol- 
lowing Up  the  softening  o\  the  metal  at 
the  joint,  the  machine  being  provided 
with  mechanical  or  electric  devices  to 
cut  off  the  flow  of  current  at  the  proper 
instant.      This   might    he   called   more   or 


less  automatic,  although  the  pieces  are 
clamped  by  hand.  There  are,  however, 
machines  for  welding  wire  hoops  where 
all  the  movements  are  automatic,  the 
boy  simply  inserting  the  ends  of  one 
hoop   after   another. 

As  the  pieces  to  be  welded  increase  in 
size,  spring  pressure  is  abandoned  and 
recourse  had  to  hand  pressure,  generally 
through  a  lever  or  wheel ;  and,  finally, 
where  the  mass  of  metal  to  be  welded 
and  pushed  up  is  too  great  for  hand 
pressure,  recourse  is  had  to  hydraulic 
or  pneumatic  pressure,  either  through 
jacks  or  cylinders. 

Sometimes  the  mass  of  metal  in  the 
pieces  to  be  welded  is  so  great,  it  is  dif- 
ficult to  clamp  it  securely  by  hand 
means,  and  hydraulic  or  pneumatic  de- 
vices are  employed.  In  such  cases  the 
apparatus  is  necessarily  massive,  som- 
times  quite  complicated,  and,  consisting 


WELDING   A  HEAVY    RING   ;>  by    g    INCHES. 

A  five  ton  jack  is  operated  by  the  lever  to  force  the  ends  of  the  metal 
together  when  they  reach  welding  heat.  Water  circulate*  in  the 
clamps  to  keep  them  cool.  The  circuit  is  opened  and  closed  by  the 
operator's  foot.  70.000  watts  or  about  *-M  hoi^e -power  are  used 
for  50  seconds. 

largely  as  it   must  ^\  masses  of 
and  gun  metal,  quite  expensive. 

The  welders  are  generally  built,  each 
machine    adapted    to   one   kind   of  rk; 

no  machine  can  be  use  shapes 

ami  sizes  of  work  or  for  all  qualities  ^i 
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metal.  In  many  cases  machines  are  en- 
tirely special,  fitted  to  do  no  other  work 
than  that  for  which  they  have  been  built. 

The  Thomson  system  of  electric 
welding,  beginning  with  the  simple 
welding  of  wires  end-to-end,  to  form 
continuous  lengths,  has  worked  itself  up 
to  welding  pipe  and  all  kinds  of  carriage 
hardware.  An  interesting  fact,  not  gen- 
erally known,  is  that  most  of  the  retain- 
ing wires  in  solid  rubber,  tires  are  elec- 
tric-welded ;  and  the  number  of  electric- 
welded  wires  found  on  wooden  tubs, 
pails,  etc.,  is  quite  noticeable. 

Xot  only  is  one  piece  welded  to  the 
end  of  another,  but  against  the  side ; 
this  is  illustrated  by  dash  frames,  most 
of  which  are  electrically  welded.  It 
used  to  be  said  that  the  welding  of  cop- 
per is  a  lost  art,  but  the  Thomson  proc- 
ess has  been  used  for  many  years  in 
welding  copper  wire.  Farm  wire  fenc- 
ing and  wire  mesh  for  reinforcing- con- 
crete  work  are   made   bv   an   automatic 


CHOCOLATE  WARMER. 

Electric  heat  is  particularly  well 
adapted  to  the  demands  of  the  confec- 
tioner, supplying  a  clean,  flameless  heat 
which  does  not  increase  the  amount  of 
moisture  in  the  atmosphere,  which  can 
be  closely  regulated  to  the  requirements 
of  the  work  and  which  is  economical. 
The  Hadaway  electrically  heated  dipping- 
pan  is  designed  to  meet  the  demand  for  a 
device  by  which  chocolate  can  be  kept  ii? 
a  fluid  state  at  the  proper  consistency 
for  continuous  working  or  dipping,  espe 
dally  when  the  work  is  done  in  refri^ 
erated  rooms. 

The  use  of  this  dipping  pan  gives  each 
dipper  a  pan  of  melted  chocolate  which 
is  maintained  at  an  absolutely  uniform 
temperature.  This  insures  uniform  goods 
and  permits  uninterrupted  work  by  the 
dipper.  The  pan  consumes  about  the 
same  amount  of  current  as  a  16  candle 
power  lamp.     There  is  no  water  bath  or 


SOME    EXAMPLES    OF     ELECTRIC     WELDS, 


r~~    ~~ 

i 

J§§p9Ep 

mm 

j||lgjr   f^^/''-- 

f 

gf^^fc^^y" 

electric  welding  machine,  through  which 
the  wires  are  fed.  Tubing  and  cylin- 
ders are  also  made  from  sheet  steel  cut 
into  strips,  rolled  into  the  form  of  a 
tube  or  cylinder  and  electric-welded 
along  the  seam.  This  requires  a  special 
machine,  suitable  for  no  other  purpose. 
Chain,  formed  and  threaded  by  auto- 
matic means,  is  also  automatically  elec- 
tric-welded. A  comparatively  recent  ap- 
plication of  the  Thomson  process  is  that 
of  welding  attachments  on  sheet  metal 
ware,  dispensing  with  the  riveted  joint. 
While  much  has  been  accomplished 
which  at  first  seemed  impossible,  the  art 
is  still  in  its  infancy  and  it  is  difficult 
to  set  a  limit  to  its  possibilities. 


ELECTRIC   CHOCOLATE  WL\RMER. 

piping  to  rust  and  leak :  no  gas  flame  to 
vitiate  the  air. 

The  warmers  are  usually  made  with  a 
high  and  a  low  heat,  the  change  from 
one  to  the  other  being  made  by  a  small 
switch.  The  low  heat  is  sufficient  to 
maintain  the  chocolate  at  the'  proper 
working  consistency,  while  the  high  heat 
is  designed  to  bring  the  chocolate  to  the 
working  temperature  in  a  short  time. 

They  are  made  in  two  standard  sizes. 
The  large  size  is  14^1  inches  long,  yV% 
inches  wide,  and  six  inches  deep.  The 
small  size  is  12  inches  long,  6^4  inches 
wide  and  five  inches  deep.     The  dimen- 
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sions  refer  to  the  pan  in  which  the  choc- 
olate is  placed.  The  heating  element  is 
upon  the  outside  of  a  receptacle  in 
which  the  chocolate  pan  is  placed  and  is 
hermetically  sealed  in  by  an  outer  jacket. 
The  heater  and  wires  are  shielded  so  that 
accidental  contact  with  them  cannot  be 
made,  and  the  operators  are  absolutely 
protected  from  all  danger  of  an  electric 
shock. 


mechanism  is  shown  herewith,  also  a 
view  of  a  planing  machine  direct  driven 
by  a  motor  through  the  agency  of  this 
clutch. 

The  clutch  mechanism  consists  of  a 
double,  reverse, .  bevel  gear  driven  by 
the  motor  shaft,  one  part  having  a  lower 
speed  than  the  other.    These  gear-  drive 


REVER3ER  FOR  MOTOR  DRIVEN  PLANERS. 

An  easy  reversing  mechanism  for  pla- 
ning machines  is  something  which  has 
been  needed  ever  since  planing  machines 
were  invented.  But  in  the  machine  shops 
of  the  present  time  practically  the  same 
device  for  reversing  the  motion  of  the 
bed  plate  is  used  that  was  employed  in 
the  primitive  shops  of  a  century  ago. 
In  the  last  few  years  electric  power  has 
been  adopted  to  a  great  extent  for  dri- 
ving machine  tools ;.  in  fact,  it  is  now 
considered  the  only  economical  method, 
and  with  the  advent  of  motor  drive  the 
need  of  a  reverser  for  planers  which 
would  do  away  with  belt  shifting  be- 
came even  more  necessary. 

Such  a  device  has  at  last  been  perfect- 


CLUTCH  MECHANISM  FOR  MOTOR  DRIVEN 
PLANER. 


the  machine  through  two  oppositely 
driven  friction  clutches.  These  are 
thrown    in   and   out   automatically   bv  a 


AIOTOU    DRIVING    PLANER. 


ed  which  appears  to  have  solved  the 
problem.  It  is  known  as  the  Conklin  re- 
versing dutch,     A   view    o\    the  clutch 


pair     of     yokes     carried     on     iv\ 
drums.      These   yokes    travel   back 

forth  parallel  to  the  driving  -  of  the 
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machine,  bringing  first  one  friction 
clutch  and  then  the  other  into  play,  re- 
versing the  operation  of  the  machine. 

By  the  use  of  this  device  the  sudden 
strain  of  reversal  is  not  thrown  on  the 
motor,  which  would  otherwise  burn  out 
unless  a  heavy  flywheel  were  added. 


THE  MERCURY  VAPOR  SYSTEM  OF  ELEC- 
TRICAL ILLUMINATION. 

The  actual  source  of  light  in  the  mer- 
cury vapor  lamp  is  the  vapor  of  the  mer- 
cury at  very  low  tension  confined  within 
a  hermetically  sealed  and  completely  ex- 
hausted tube  and  excited  by  the  passage 
of  an  electric  current.  Except  for  the 
fact  that  means  are  required  for  starting 
and  steadying  the  current,  this  lamp  con- 
sists merely  of  the  exhausted  tube  con- 
taining mercury  traversed  by  the  electric 
current  at  voltages  ordinarily  used  for 
lighting  purposes. 

Much  rapid  advance  in  the  practical 
development  of  this  type  of  electric  light- 
ing has  been  made  during  the  past  three 
years,  so  that  the  light  has  made  a  place 
for  itself  on  account  of  certain  unusual 
qualities  which  it  possesses.  The  quali- 
ties are  unique,  so  much  so  as  to  give  it 
a  wide  field  of  usefulness. 

From  the  point  of  view  of  the  physi- 
cist the  mercury  vapor  lamp  is  of  great 
interest  as  it  in  a  practical  way  utilizes  a 
new  group  of  electrical  phenomena,  that 
connected  with  the  passage  of  a  relative- 
ly large  current  (to  the  volume  of  a 
number  of  amperes)  within  a  vacuum. 
In  this  type  of  current  conductor  the 
electrons,  sometimes  called  corpuscles, 
in  other  words,  those  very  minute  par- 
ticles carrying  a  charge  and  constituting 
electricity,  pass  from  out  the  negative 
electrode  (sometimes  called  cathode) 
whither  they  come  through  the  lead 
of  this  electrode,  pass  through  the 
vacuum  space  like  small  balloons, 
and  find  their  way  from  the  cathode 
to  the  positive  element  electrode 
(sometimes  called  anode)  through  the 
much  larger  gas  atoms.  At  the  anode 
they  enter  the  body  of  the  electrode  and 
pass  off  through  the  lead  to  complete 
their  circuit.  In  their  passage  through 
the  mercury  vapor  at  very  low  tension, 
which  always  fills  every  space  where 
mercury  is  in  the  neighborhood,  these 
electrons  moving  at  enormous  velocities 


violently  agitate  the  mercury  atoms 
causing  them  to  emit  the  peculiar  light 
characteristic  of  mercury. 

The  flow  of  the  electrons  from  one 
electrode  to  the  other,  when  once  estab- 
lished, is  accomplished  and  maintained 
with  but  the  loss  of  a  few  volts,  yet  be- 
fore any  such  flow  has  been  established 
a  very  high  voltage  is  required  to  start 
the  electrons,  which  means  the  flow  of 
current. 

The  original  discovery  of  the  phenom- 


NEW    TYPE   MERCURY   VAPOR    LAMP. 

ena  of  the  mercury  vapor  lamp  is  claimed 
by  Louis  E.  Walkins,  as  early  as  1878. 
but  to  Mr.  Peter  Cooper  Hewitt  full 
credit  is  due  for  much  of  its  up-to-date 
development,  as  before  his  advent  into 
the  field,  a  little  over  ten  years  ago,  there 
had  been  no  commercially  practical  lamp 
of  this  character.  Most  of  the  lamps 
then  known  were  merely  in  the  experi- 
mental condition  in  several  laboratories. 
None  of  these,  however,  showed  a  work- 
able lamp. 

The  usual  form  of  mercury  vapor 
lamp  is  now  fairly  well  known  to  the  ma- 
jority of  the  readers  of  Popular  Elec- 
tricity and  consists  of  a  tube  of  glass 
two  or  three  feet  long  which  emits  pow- 
erful light  of  a  bluish  color  entirely  de- 
void of  red  rays. 

A  new  type  of  lamp  recently  devel- 
oped by  Mr.  Walkins  is  shown  in  the  ac- 
companying cut,  and  in  this  type  the  tube 
is  eliminated,  its  place  being  taken  by  a 
glass  globe.  The  color  of  the  light  emit- 
ted by  this  new  lamp  has  also  been  modi- 
fied and  is  said  to  be  much  more  mellow. 
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ELECTRIC   INSTRUMENT  STERILIZER. 

The  key  note  of  success  in  the  last  few 
years  in  all  surgical  operations  has  been 
absolute  asepsis.  Great  strides  have  been 
made  looking  to  the  best  means  of  steril- 
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ELECTRIC    INSTRUMENT    STERILIZER. 


Physicians    have    found    this    piece    a 
most  welcome  accessory  to  their  labora- 
tory or  office  equipment.    It  is  possible  to 
take  the  sterilizer  with  a   supply. of  in- 
struments needed   for  any  major  opera- 
tion  to   the   home,   and   by 
simply     attaching     to     the 
light   socket,   the   physician 
may    himself    see    that    the 
instruments    are    put    in    a 
perfectly  aseptic   condition. 
The  sterilizers  are  made 
for  any  voltage  up  to  250. 


ization,  one  of  the  most  recent  devices 
being  an  instrument  sterilizer  which  can 
be  put  upon  a  glass  top  instrument  table, 
and  used  within  a  few  inches  of  the  op- 
erator without  any  danger  whatsoever  to 
the  patient.  It  is  a  well  known  fact  that 
sterilizers  heated  by  alcohol,  gas,  kero- 
sene, gasoline,  etc.,  give  so  much  heat 
from  the  bottom  that  they  would  crack  a 
glass  top  table.  It  is  also  well  known 
that  the  ether  or  chloroform  fumes  used 
in  operations,  is  inflammable,  consequent- 
ly in  the  old  methods,  instruments  were 
sterilized  at  a  distance  from  the  operat- 
ing room  and  brought  in  wrapped  in  a 
sterilized  sheet.  If  the  operator  dropped 
an  instrument  it  had  to  be  taken  out  of 
the  room  to  be  sterilized  before  it  could 
be  used. 

The  new  "American"  sterilizer  is  made 
-of  one  solid  casting  of  aluminum.  The 
heating  elements  are  made  up  without 
wire  or  any  cement,  porcelain,  or  quartz 
whatever.  These  heating  elements  are 
attached  to  the  bottom  of  the  piece,  there- 
by insuring  quick  heating  and  efficient 
results. 

The  sterilizers  of  the  past,  heated  by 
gas  and  other  methods,  have  been  made 
entirely  of  plated  metal,  with  soldered 
seams.  In  this  new  sterilizer  there  are 
no  seams,  consequently  there  is  no  dan- 
ger of  leaking  or  of  the  pieces  falling 
apart. 

The  sterilizer  is  fitted  with  an  alumi- 
num tray  and  cover,  and  is  made  for 
three  distinct  heats.  The  maximum,  tak- 
ing 900  watts,  is  used  only  to  bring  the 
water  to  the  boiling  temperature.  The 
minimum,  one-quarter  of  the  maximum. 
is  used  to  maintain  this  temperature. 


NEW  DETECTOR  FOR  WIRELEESS  TELEG- 
RAPHY. 

An  entirely  new  type  of  detector  for 
wireless  telegraph  systems  has  lately 
been  developed  and  operates  on  the  prin- 
ciple that  certain  dielectrics  (insulators) 
when  under  high  pressure  lose  their 
quality  as  such  and  become  conductors. 
This  discovery  led  to  the  construction  of 
the  detector  shown  herewith. 

Two  steel  plates  are  given  a  thin  coat 
of  insulating  matter  such  as  shellac,  etc. 
When  dry  they  are  put  under  high  pres- 
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NEW   DETECTOR   FOB   WIRELESS  TELE- 
GRAPHY. 


sure.  In  this  condition  it  is  found  that 
a  milliampere  meter  definitely  shows  the 
passage  o\  the  battery  current. 

The  electric  wireless  waves  having  a 
very  high  tension,  easily  break  down  the 
thin  coat  of  insulation  and  as  long  as 
the  waves  pass  through  the  apparatus  a 
telephone  receiver,  in  place  of  the  milli- 
ampere meter  will  indicate  with  a 
and  audible  sound  the  passage  of  the 
waves. 
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TUNGSTEN   PRODUCTION. 

Now  that  the  new  tungsten  lamp  is  be- 
coming widely  known  the  questions  are 
often  asked:  What  is  tungsten?  Where 
does  it  come  from? 

Tungsten  is  a  metal  which  does  not 
exist  in  nature  in  the  metallic  form,  but 
combined  with  other  elements  in  the 
form  of  ore,  and  it  must  be  reduced 
from  these  ores.  Tungsten  production  in 
the  United  States  for  1907  amounted  to 
1,640  short  tons,  the  value  being  $890,- 
048.  The  principal  tungsten  minerals  are 
wolframite,  a  tungstate  of  iron  and  man- 
ganese, and  scheelite,  a  tungstate  of  cal- 
cium.   Both  minerals,  like  tin  ores,  occur 


granite  outcrops.  The  greater  part  of 
the  American  tungsten  product  comes 
from  the  mines  in  Boulder  county,  Colo- 
rado. California  is  the  second  state  in 
order  of  production. 


ELECTRICAL    FEATURES    OF    THE  GER- 
MAN SHIPBUILDING  EXPOSITION. 

The  applications  of  electricity  now 
play  an  important  part  in  the  construc- 
tion and  operation  of  water  craft.  As  a 
consequence  considerable  space  at  the 
German  Shipbuilding  Exposition,  held 
during  the  summer,  was  devoted  to  the 
applications  of  electricity  on  shipboard. 
Very     elaborate     electrical     decorations 


ILLUMINATIONS  AT    THE      GERMAN     SHIP  BUILDING  EXPOSITION. 


as  a  rule  in  quartz  veins  cutting  rocks 
containing  much  silica,  such  as  granite 
and  rhyolite,  but  some  apparent  excep- 
tions are  found,  as  for  instance,  in  New 
Mexico,  where  hubnerite  and  a  small 
amount  of  scheelite  occur  with  pyrite  and 
lead  minerals  in  a  vein  cutting  limestone ; 
and  at  Nome,  Alaska,  where  scheelite  is 
found  in  the  gold  placers  in  a  region  of 
schists    several    miles    from    the    nearest 


were  also  a  feature  of  this  exposition, 
particular  attention  being  paid  to  the  ex- 
terior of  the  buildings  and  to  the 
grounds.  Trellised  walks  and  garden 
decorations  were  created  where  electric 
fountains  invited  the  sight-seers  to  rest 
and  recreation,  while  35,000  incandescent 
lamps  united  in  a  splendid  light  effect 
discernible  for  miles  around. 

The  night  scene  in  one  of  the  illustra- 
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tions  shows  one  of  the  entrances  to  the 
exposition  and  also  a  portion  of  the 
grounds,  the  lawn,  even,  being  decorated 
with  lamps.  The  other  illustration  shows 
an  unique  electrolier  suspended  in  one 
of  the  buildings  and  containing  16  flam- 
ing arc  lamps.  These  views  are  repro- 
duced through  the  courtesy  of  Mitteil- 
ungen  der  Berliner  Elektricitats-Werke. 
In  one  of  the  exhibition  rooms  a  cap- 
tain's bridge  was  erected,  an  exact  coun- 
terpart of  a  bridge  on  a  man  of  war. 
From  here  were  controlled  searchlights 
of  various  sizes.  One  of  these,  with  a 
35-inch  mirror  was  arranged  on  the  roof 


UNIQUE    ELECTROLIER    AT    GERMAN    SHIP 
BUILDING    EXPOSITION. 


of  the  chart  house.  It  was  electrically 
switched  and  regulated  from  a  distance. 
Smaller  reflectors,  so-called  broadside 
searchlights,  were  among  the  side  lights 
of  the  bridge.  They  were  also  operated 
from  a  distance,  but  by  mechanical 
means. 

The  compartment  topped  by  the  bridge 
contained  a  collection  of  electric  cook- 
ing and  heating  utensils,  ozone  ventilat- 
ors, also  shown  in  operation.  New  slow 
running  ceiling  ventilators  with  four- 
winged  wooden  fans  noiselessly  kept  the 
air  in  sufficient  motion. 


RUNNING  A  RANCH  BY  ELECTRICITY. 

Colonel,  now  known  as  ''Commodore" 
Thomas  W.  Lee,  formerly  the  general 
passenger  agent  of  the  Delaware,  Lacka- 
wanna &  Western  Railroad,  growing 
weary  of  railroad  duties,  went  west  a 
few  years  ago,  bought  a  farm  near  Idaho 
Falls,  Idaho,  which  he  has  equipped 
throughout  with  electricity.  This  does  not 
mean  that  Commodore  Lee  has  simply 
put  in  electric  lights,  telephones  and  a 
few  conveniences  like  that,  but  that  his 
farm,  "The  Bungalow"  is  an  out-and- 
out  electrically  operated  ranch. 

Everything  about  the  Bungalow  re- 
quiring power  of  any  kind  is  hitched  to 
live  wires.  Leaving  Rigby,  Idaho,  the 
railway  station  of  the  farm,  the  driver 
follows  a  private  pole  line  carrying  three 
power  wires  and  twro  telephone  wires 
leading  direct  to  the  Bungalow  proper. 

The  term  "Bungalow"  in  general  im- 
plies 2,000  acres  or  more,  for  it  requires 
a  drive  of  16  miles  to  make  a  circuit 
around  the  broad  fields.  The  power  wires 
turn  at  the  ranch  station  and  go  directly 
east  on  the  section  line.  Way  out  across 
the  fields  can  be  seen  another  line  run- 
ning north  and  south.  These  lines  cross 
the  fields  for  convenience  and  to  them 
are  attached  the  feed  wires  that  run  the 
motors.  The  various  motors  on  the  farm 
run  the  machinery — and  all  that  is  re- 
quired to  change  the  ordinary  quiet  of 
the  ranch  life  into  a  scene  of  activity  is 
to  press  the  button,  figuratively  speaking. 

At  the  Bungalow  is  a  small  terminal 
house.  Here  the  power  is  controlled.  In 
the  terminal  house  there  is  a  motor  for 
the  operation  of  all  machinery  required 
at  farm  headquarters  such  as  turning 
grindstones,  pumping  air  into  an  under- 
ground tank  for  furnishing  water  pres- 
sure in  case  of  fire,  and  in  tact  anything 
else  that  is  necessary  in  carrying  out  the 
general  work  of  the  ranch,  for  the  Bun- 
galow is  the  home  o\  system.  Electric 
lights  are  all  over  the  place  and  the  yard 
lights  can  be  seen  at  night  tor  miles. 
Wires  are  everywhere. 

The  Bungalow  is  a  ranch  wonder  of 
two  years'  standing.  There  is  a  boule- 
vard four  miles  long  running  out  from 
Rigby,  and  here  and  there  are  neat  sign 
boards  informing  the  stranger  just 
where  he  is.    The  boulevard  was  built  at 
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the  Commodore's  private  expense  and  is 
a  level  hand-raked  road.  On  the  ranch 
there  is  to  be  found  all  the  modern  ma- 
chinery in  existence,  from  the  intricate 
weather  gauge  to  the  best  automatic  hay 
lifter  on  the  market. 

The  power  that  operates  the  Bungalow 
farm  is  generated  at  Idaho  Falls  and 
transmitted  fourteen  miles  to  the  ranch, 
the  regular  line  of  the  power  company 
running  comparatively  near  the  ranch. 
Then,  as  above  stated,  the  Commodore 
has  tapped  the  wires  with  a  private  line 
about  four  miles  in  length,  including  the 


the  nearby  power  line  and  connected  with 
a  single  twist  and  that  end  of  the  ap- 
paratus is  now  ready  to  work  by  simply 
turning  on  the  switch  on  the  wagon. 
This  wagon  stands  20  or  30  feet  away 
from  a  grain  separator,  and  a  belt  trans- 
mits the  power  to  the  pulley  on  the  sep- 
arator. 

The  motor  was  attached  to  a  small  sep- 
arator this  season  and  threshed  at  the 
rate  of  1,500  bushels  of  wheat  a  day  and 
reached  a  much  higher. figure  on  oats,  in 
a  day  of  10  hours.  The  electric  power, 
to  state  it  mildly,  has  been  found  much 


ELECTRIC     THRESHING     OUTFIT. 


side  lines  that  traverse  the  ranch  in  va- 
rious directions. 

After  the  power  'was  secured,  Commo- 
dore Lee,  having  the  idea  long  in  mind, 
proceeded  to  invest  the  sum  of  $7.50  in 
an  old  wagon  with  stout  wheels.  He  re- 
versed the  wheels,  putting  the  rear  ones 
in  front.  In  the  front  end  of  the  wagon 
he  placed  a  15  horsepower  motor.  At- 
tached to  the  framework  on  one  side  of 
the  wagon,  behind  the  motor,  is  a  starter. 
On  the  rear  end  of  the  wagon  are  a  cou- 
ple of  transformers.  The  wagon  is  cov- 
ered with  a  common  canvas  stretched 
over  a  simple  frame.  To  the  rear  end  of 
the  wagon  is  attached  a  pole  bearing  a 
cross  arm.  This  pole  carries  the  wires 
out  of  reach  of  the  head  of  anyone  on 
the  wagon.     The  wires  are  strung  out  to 


more  satisfactory  than  steam,  in  so  far 
as  efficiency  or  economy  is  concerned. 

The  outfit  was  rigged  up  in  a  hurry  to 
do  the  work  this  season  and  after  the 
Commodore  got  the  idea  into  his  head 
and  directed  his  electrician,  who  is  regu- 
larly employed  on  the  place,  there  was 
much  skepticism  on  the  ranch,  and  the 
neighbors,  who  were  using  horse  and 
steam  power,  as  most  of  the  farmers  in 
this  country  are  doing,  were  inclined  to 
laugh  at  the  project. 

But  with  the  motor  and  other  equip- 
ment in  place  and  being  satisfied  that  all 
gearings  were  right  and  everything  sub- 
stantial, the  Commodore  turned  on  the 
"juice"  and — the  motor  ran  backward! 
He  didn't  understand  at  first  what  the 
trouble  was,  but  soon  a  rearrangement  of 
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the  wires  brought  everything  around  in 
shape  and  the  machinery  started  off 
without  a  hitch  and  was  permitted  to  run 
several  hours  before  it  was  stopped. 

As  to  the  ranch  itself,  there  is  nothing 
requiring  power  or  the  use  of  electricity, 
that  is  not  there  ready  for  use.  The  Bun- 
galow is  a  great  example  of  applying 
modern  methods  to  agriculture.  There 
is  nothing  of  old  farming  about  it,  noth- 
ing of  the  old  drudgery,  inconvenience 
or  dissatisfaction.  The  men  on  the  Bun- 
galow are  paid  for  being'  wise  enough  to 
look  so.  The  field  hands  do  no  walking 
and  very  little  work  with  their  hands. 
Machinery  is  electrically  operated  every- 
where possible. 

At  the  house  the  blades  from  the  mow- 
ing machines,  often  as  many  as  three  at 
a  time,  are  placed  on  a  grindstone,  oper- 
ated by  electricity.  There  are  electric 
lights  in  the  bunkhouse  and  in  the  sta- 
bles, with  an  electric  heater  in  the  bath 
room. 

The  expense  of  all  of  this  has  been 
found  to  be  no  greater  than  the  expense 
of  any  other  improvement.  Anything 
can  be  made  economical  or  expensive — 
all  depending  upon  the  business  capacity 
of  the  individual. 

The  adaptation  of  electricity  to  the 
farm  means  great  things  for  the  future. 
It  means,  among  other  things,  the  exten- 
sion of  electric  lines  to  every  part  of  the 
country  and  with  this  will  come,  without 
a  doubt,  greater  improvement  and  ad- 
vancement along  all  other  lines.  It  means 
the  lightening  of  the  burden  of  the 
farmer  and  a  general  era  of  progress. 


CONSTRUCTION  OF  SELENIUM  CELLS. 

Selenium  cells,  which  vary  their  re- 
sistance with  the  intensity  of  illumina- 
tion to  which  they  are  subjected,  may 
be  constructed  in  a  variety  of  ways.  A 
common  form,  easily  made,  is  to  wrap 
two  wires  upon  an  insulating  core,  keep- 
ing them  separated  by  a  uniform  short- 
distance,  and  then  coat  the  wires  over 
with  a  thin  film  of  molten  selenium.  An- 
other plan  is  to  cover  the  surface  of 
some  ^o\\d,  usually  glass,  with  a  thin 
coating  of  selenium.  A  difficulty  met 
with  in  doing  this,  especially  with  glass, 
\^  the  liability  o\  the  selenium  to  form 
into  drops,  instead  o\  adhering  uniform- 


ly. A  new  method  recently  devised  in 
( Jermany  by  W.  S.  Grippenberg,  causes 
selenium  vapor  to  condense  on  the  cold 
surface  of  the  glass.  In  this  way  very 
thin  and  uniform  coatings  which  adhere 
well  to  the  glass  are  obtainable.  Two 
grooves  are  cut  in  the  glass  close  to- 
gether and  of  as  great  a  length  as  possi- 
ble, and  these  are  coated  inside  with 
platinum  to  act  as  electrodes. — Electrical 
Review  and  Western  Electrician. 


ELECTRIC  TIRE  VULCANIZER. 

As  acknowledged  by  motorists,  one  of 
the  heaviest  expenses  encountered  in 
owning  a  car  is  the  cost  of  tire  repair. 
With  a  proper  vulcanizer,  cuts  in  the 
casings  can  be  repaired  so  as  to  put  a 
stop  to  rotting  of  the  fabric.  Likewise 
the  inner  tube  can  be  vulcanized,  which 
makes  a  better  job  than  patching. 

The  new  Shaler  vulcanizer  makes  use 


ELECTRIC   TIRE   VULCANIZER, 

of  electric  current,  and  work  on  the  cas- 
ings may  be  done  without  removing  the 
tire    from    the    rim.      The    vulcanizer    is 
simply  connected  by  means  oi  a  cord  and 
plug  to  any  electric  light   socket,  and  as 
there  is  provision  made  for  absolute  heat 
regulation    there    is    no   danger   of    over- 
heating  the   tire.       The   heat   is  regu", 
either  by  a  rheostat  or  a  thermostat.  The 
accompanying  cut  shows  the  vulcani 
fitted  with  a  rheostat   for  current  control 
and  being  applied  to  an  inner  tube.  V 
this  device  anyone  can  do  a  job  of  vul- 
canizing equal    to   the   best    vulc 
plant. 
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MOTORS  IN  A  TEXTILE  PLANT. 

Textile  manufacturers,  both  in  this 
country  and  in  England,  have  awakened 
to  the  advantages  of  motor  drive  in  their 
mills,  and  in  this  country  especially  elec- 
tric driven  machinery  is  the  rule  rather 
than  the  exception  among  the  more  mod- 
ern plants. 

The  economy  is  greater  and  the  con- 
trol is  more  accurate  with  motor  drive 
than  with  belts  and  shafting  and  the 
great  sheds  are  far  lighter  and  more 
cleanly  than  before.  The  view  in  a  large 
English  cotton  mill,  reproduced  through 


ELECTRIFICATION    OF    THE    ST.     CLAIR 
TUNNEL. 

The  St.  Clair  Tumiel  between  Sarnia, 
Ont,  and  Port  Huron,  Mich.,  is  now 
operated  by  electricity.  This  tunnel, 
which  is  6032  feet  long  from  portal  to 
portal,  forms  a  connecting  link  in  the 
10,000  miles  of  track  of  the  Grand  Trunk 
system. 

The  bore  was  completed  in  1890, 
and  since  that  time,  up  to  Novem- 
ber 12,  was  operated  by  steam  locomo- 
tives of  a  special  type.  It  was  decided 
to   electrifv  the  tunnel,  however,  to  do 


ELECTRIC   MOTORS   DRIVING   DOUBLING    FRAMES. 


the  courtesy  of  the  London  Electrical 
Review,  is  an  excellent  illustration  of 
the  latter  fact. 

The  unusual  feature  in  connection  with 
this  installation  is  the  individual  drive 
for  each  one  of  the  50  doubling  frames. 
Speed  variation  is  of  especial  importance 
in  this  class  of  work,  and  the  speed  of 
any  frame  may  be  carried  to  the  highest 
limit  according  to  the  particular  work 
being  dealt  with  at  the  time.  Moreover, 
the  plant  is  much  cleaner,  as  there  is  no 
oil  to  drip  from  overhead  shafts. 


away  with  the  smoke  and  gases  and  to 
increase  the  train  capacity. 

With  steam  locomotives,  the  maxi- 
mum weight  of  trains  was  limited  to 
760  tons,  and  the  ascent  was  very  slow. 
With  the  new  electric  locomotives,  trains 
of  1,000  tons  may  be  hauled  at  higher 
speeds.  Under  old  conditions  the  steam 
locomotives  were  unable  to  cope  with  the 
traffic  of  the  road  as  it  is  now,  while 
the  capacity  of  the  electric  locomotives 
is  three  times  the  requirements  of  pres- 
ent traffic  conditions. 


HOW  ELECTRIC  POWER  FOR  ATLANTA   IS 

DEVELOPED. 


BY   S.   MAYS  BALL. 


Atlanta,  sometimes  called  the  Gate 
City  of  the  South,  on  account  of  the 
great  number  of  railways  which  enter 
and  depart  from  it,  is  a  hustling,  bustling, 
progressive  city  of  some  150,000  inhabit- 
ants. In  Atlanta  there  are  possibly  more 
"sky-scrapers"  and  more  beautiful  resi- 
dence streets  than  one  can  find  in  any 
other  city  of  the  same  size  in  America. 


At  Bull  Sluice,  four  miles  below  Ros- 
well,  about  12  miles  from  Atlanta,  the 
Atlanta  Water  Power  &  Electric  Com- 
pany has  its  plant.  The  dam  is  a  mas- 
sive concrete  structure  48  feet  high, 
which,  with  two-foot  flashboards,  gives 
a  head  of  50  feet.  This  plant  is 
fully  equipped  with  the  most  modern 
type  of  water  wheels  and  electric  gener- 


NORTH  GEORGIA  ELECTRIC  COMPANY'S   PLANT. 


For  a  number  of  years  the  160  odd 
miles  of  street  railways  in  and  around 
Atlanta  were  operated  electrically  from 
a  steam  power  house  located  in  the  rail- 
road district  of  the  city.  Near  Atlanta  is 
the  Chattahoochee  River  containing,  as 
everybody  for  a  long  time  knew,  but  no- 
body took  the  initiative  to  bridle,  quite 
a  lot  of  valuable  water  power.  Eastern 
capitalists,  however,  finally  came  down 
and  tied  up  a  lot  of  this  available  power 
near  Atlanta,  some  \2  miles  away,  and 
now  the  street  cars  and  all  of  Atlanta's 
street  lights  are  operated  from  this  Chat- 
tahoochee River  power  at  Bull  Sluice. 
Power  is  also  brought  to  the  city  from 
another  development  on  the  river,  near 
Gainesville,  to  be  used  in  manufacturing 
plants  and  SO  on. 


ators.  The  combined  capacity  of  the 
water  wheels  is  greatly  in  excess  of  the 
normal  low  water  flow  of  Chattahoocb.ee 
River,  thus  providing  for  a  large  increase 
of  power  from  stored  water  and  at  times 
when  the  How  of  the  river  is  increased. 
This  power  is  transmitted  electrically  to 
Atlanta  where  it  operates  the  street  cars 
and  lights  Atlanta's  streets,  being  con- 
tracted for  and  sold  by  the  Georgia  Rail- 
way and  Electric  Company.  Backwater 
from  this  dam  when  dashboards  are  used 
reaches  a  point  under  the  wagon  bri  g 
over  the  river  at  Roswell  four  miles 
away. 

From  the  mouth  oi  the  Chestatee  Riv- 
er on  the  Chattahoochee,  tip  to  the  month 
(^\   Little  River,  there  are  a  number 
small  shoals  aggregating  28  feet  of  fall. 
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PLANT   OF  ATLANTA   WATER  AND    ELECTRIC    POWER  COMPANY. 


Beginning  a  short  distance  above  Little 
River  is  a  series  of  shoals  which  have 
recently  been  developed  by  the  North 
Georgia  Electric  Company.  The  dam  of 
this  plant  is  located  a  quarter  of  a  mile 
above  the  foot  of  the  shoals  leaving  about 


seven  feet  of  the  fall  undeveloped.  The 
dam  is  a  log-crib  structure  entirely  filled 
with  rock  and  it  is  36  feet  high.  Power 
is  transmitted  electrically  from  this  plant, 
also.  Backwater  from  this  dam  extends 
eight  miles  to  Clark's  Bridge. 

With  these  two  developments  on  Chat- 
tahoochee River,  with  say  10,000  to  15,- 
000  horsepower  available  for  commercial 
use,  there  is  yet  a  great  demand  in  At- 
lanta for  electrically  transmitted  power. 
On  the  Chattahoochee  River  near  At- 
lanta there  are  a  number  of  shoals  from 
which  a  great  amount  of  power  can  be 
obtained — simply  awaiting  development. 
.  The  accompanying  views  show  these 
various  power  developments  and  are  re- 
produced through  the  courtesy  of  S.  W. 
McCallie,  Geologist  of  the  state  of 
Georgia. 


INTERIOR  OF  ATLANTA  WATER  AND 
ELECTRIC  POWER  CO.'S  PLANT. 


TELEPHONE  TO  DETECT  THE  PRESENCE 
OF  FISH. 

The  movement  of  water  made  by  fish 
in  swimming  is  sufficient  to  operate  a 
telephone,  and  so  communicate  their  ap- 
proach to  fishermen.  A  Norwegian  in- 
ventor has  devised  a  microphone,  in- 
closed in  a  water-tight  box,  which  may 
be  immersed  in  the  sea,  and  is  connected 
by  wires  with^the  fishing  boat.  By  this 
device  the  approach  of  a  shoal  of  fish  can 
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be  detected  with  certainty.  Experienced 
fishermen  can  in  the  ordinary  way  de- 
tect the  presence  of  herring  and  mack- 
erel long  before  they  reach  the  fishing 
vessels  by  the  disturbance  which  they 
create  in  the  water.  But  where  the  more 
subtle  movements  of  the  flat  fish  are  con- 
cerned it  is  possible  that  the  microphone 
may  prove  a  useful  indicator  of  their 
whereabouts. 


MOTOR  DRIVEN  GRINDING,  BUFFING  AND 
DRILLING  OUTFIT. 

There  isn't  much  in  the  line  of  grind- 
ing, buffing  and  light  drilling  that  can- 
not be  accomplished  by  the  portable  mo- 
tor driven  outfit  shown  in  the  accom- 
panying picture.  The  one-horsepower 
motor  is  of  the  alternating  current  type 
mounted  on  a  small  truck.  It  is  fitted 
with  a  flexible  shaft  to  which  the  vari- 
ous emery  wheels,  buffers  and  drills  are 


MOTOR    DRIVEN   GRINDING.    BUFFING   AND 
DRILLING  OUTFIT. 


readily  attached.  The  portable  feature 
makes  the  appliance  convenient  for  large 
work,  and  the  flexible  shaft  permits  the 
operator  to  work  with  ease  on  otherwise 
inaccessible  parts. 

In  order  to  obtain  the  correct  speeds 
for  emery  wheels  of  different  diameters, 
multipliers  of  the  proper  ratios  are  used. 
being  mounted  in  the  gear  case  in  front 
of  the  motor.  The  ends  of  the  shafts, 
which  revolve  at  different  speeds,  may 
be  seen  protruding  from  the  case,  and 
the  flexible  shaft  may  be  coupled  to  any 
one  of  them.  There  are  two  o\  the  flex- 
ible shafts  oi  different  weights  furnished 
with  each  set,  to  be  used  according  to  the 
requirements  of  the  work. 


TESTING      RAW      MATERIALS     BY 
ELECTRICITY. 

An  important  operation  in  many  in- 
dustries is  to  ascertain  the  percentage  of 
moisture  in  raw  material  as  well  as  in 
half  finished  and  finished  goods.  This 
applies  primarily  to  the  hygroscopic  ma- 
terials used  by  the  textile  industry  which 
have  to  comply  with  certain  regulations 
in  regard  to  the  admissible  limits  of 
moisture. 

Through    a    process    which    has    been 


ELECTRICAL    APPARATUS    FOR 
i;.\\V   MATERIALS. 


ESTING 


used     for     many     years,     the     effective 

weight  oi  the  raw  material  is  ascer- 
tained by  drying  it  until  its  weight  be- 
comes constant,  after  which  a  given  per- 
centage oi  moisture  is  added,  thus  ob- 
taining what  is  called  the  commei 
weight. 

Practically  all  the  drying  apparatus  so 
far    tised    makes    use    of    an    air    current 
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heated  by  steam,  gas,  alcohol  or  by  means 
of  electrical  resistances.  According  to 
tests  recently  made  at  Berlin  the  drying 
of  tissues  and  raw  material  of  any  kind 
(yarn,  raw  silk,  hair,  feathers,  etc.)  is 
obtained  far  more  rapidly  if  heat  con- 
duction be  replaced  by  heat  radiation,  in 
conjunction  with  a  simultaneous  light  ef- 
fect, both  the  heat  and  light  being  pro- 
duced by  electric  current.  Conduction 
heat  acts  only  from  the  surface,  whereas 
radiating  energy  is  able  to  permeate  the 
whole  of  the  material  down  to  its  inner- 
most layers  without  any  risk  of  the  sur- 
face portion  being  super-heated  or  dam- 
aged. 

By  the  use  of  electricity  all  the 
drawbacks  inherent  in  other  heating 
methods  are  avoided,  while  provision 
is  made  for  actually  obtaining  and  per- 
manently maintaining  the  required 
temperature.  The  operator  is  not 
troubled  in  any  way,  and  as  the  appa- 
ratus is  safe  against  fire  and  explosion 
and  free  from  any  smell,  it  can  be  in- 
stalled wherever  desired. 

The  very-  handy  apparatus  repre- 
sented in  the  accompanying  illustra- 
tion is  readily  adapted  to  the  various 
kinds  of  material  to  be  tested.  It  com- 
prises two  actually  identical  drying 
compartments  in  the  lower  cabinet,  in 
which  the  material  is  exposed  on  sup- 
ports until  the  scales,  arranged  sym- 
metrically above  the  apparatus,  indi- 
cate a  constant  weight.  Either  com- 
partment may  conveniently  be  used 
as  a  drying  or  weighing  compart- 
ment. 

The  transverse  walls  of  both  com- 
partments are  provided  with  special 
electric  tube  lamps,  and  the  supports 
can  be  adjusted  in  accordance  with  the 
actual  amount  of  material.  The  tempera- 
ture inside  the  compartments  is  main- 
tained constant  'by  the  aid  of  convenient 
switches  and  regulators,  and  is  checked 
by  a  thermometer  fitted  to  a  socket. 

The  bottom  and  lid  are  provided  with 
a  number  of  holes  allowing  the  air  to 
pass,  which  are  closed  during  opera- 
tion by  a  slide,  avoiding  any  draught 
liable  to  cause  errors  in  calculation.  A 
desk  conveniently  arranged  in  front  of 
the  scales  affords  ample  room  for  in- 
stalling the  weights  and  recording- 
books.  G. 


ELECTRICALLY    OPERATED     CANDY 
WRAPPER. 

In  consequence  of  the  steadily  in- 
creasing demand  for  cleanliness  in  the 
handling  of  all  kinds  of  food  products, 
the  candy  wrapping  machine  is  coming 
into  favor.  The  machine  shown  here- 
with wraps  with  a  twist-end  wrapper, 
and  has  a  capacity  of  about  60  pieces  per 
minute,  one  operator  being  required  to 
feed  the  machine.  The  paper  is  taken 
from  a  roll  put  on  one  end  of  the  ma- 
chine, passes  along  the  top,  and  is  fold- 
ed by  a  simple  device  into  a  tube.  The 
pieces  to  be  wrapped  are  fed  into  a  chain 


ELECTRICALLY    OPERATED    CANDY 
WRAPPER. 

of  buckets  and  automatically  pushed  into 
the  tube  of  paper  one  at  a  time,  where 
they  are  seized  and  twisted.  The 
wrapped  product  is  then  moved  along 
over  the  end  of  the  machine,  cut  off, 
and  deposited  on  a  table,  ready  for  pack- 
ing. 

The  motors  for  operating  these  ma- 
chines are  placed  underneath  with  flex- 
ible cord  for  attaching  to  the  ordinary 
electric  light  sockets,  as  the  current  re- 
quired is  quite  small.  The  motors  are 
of  about  1-12  horsepower  and  the  en- 
tire machine  can  be  moved  about  read- 
ily, as  the  weight  complete  is  said  to  be 
only  about  250  pounds. 
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WIRELESS  PICTURE  TELEGRAPHY. 

BY    DR.    ALFRED    GRADENWITZ. 

Many  schemes  have  been  suggested, 
especially  during  the  last  few  years,  for 
the  telegraphic  transmission  of  pictures, 
diagrams  and  handwriting.  The  latest 
achievement  in  this  connection  is  of 
special  interest,  because  of  its  dispensing 
with  any  conducting  wire  between  the 
sending-  and  receiving  stations,  the 
transmission  being  effected  by  means  of 
electric  waves  on  the  principle  of  wire- 
less telegraphy. 

Those  who,  without  any  knowledge  of 
the  existence  of  such  waves,  happen  to 
see  this  wonderful  apparatus  devoid  of 
any  material  link  with  the  outside  world, 
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WIRELESS  PICTURE  TRANSMISSION 
APPARATUS. 

at  work,  producing  as  if  by  magic,  num- 
berless dots  and  strokes  making  up  some 
diagram  or  picture,  might  be  prone  to 
ascribe  the  phenomenon  to  some  super- 
natural cause. 

As  the  transmitting  and  receiving  ap- 
paratus designed  by  Mr.  Knudsen,  the 
inventor  of  this  wonderful  system,  are  of 
remarkable  simplicity,  relative  cheap- 
ness and  practically  identical  with  one 
another,  they  are  likely  soon  to  be  intro- 
duced into  the  general  practice  of  news- 


paper men  and  the  identification  service 
of  the  criminal  police. 

The  apparatus  located  at  the  sending 
station  comprises  a  traveling  carriage  or 
revolving  band  actuated  by  a  motor. 
This  carries  a  light  style,  or  "shade 
finder,"  which  is  destined  to  travel  with 
lightning  rapidity  over  the  surface  of  the 
picture  to  be  transmitted,  so  that  every 
portion  of  it  is  traversed  once  during 
the  complete  operation.  As  distinguished 
from  most  other  systems  of  telephotog- 
raphy, which  are  based  upon  the  use  of 
selenium  cells  sensitive  to  light,  this  new 
system    dispenses    with    any    delicate    or 


A    WIRELESS    PORTRAIT. 

capricious  organ  of  this  kind,  relying 
exclusively  upon  electrical  and  mechan- 
ical effects. 

The  style  is  situated  normally  at  such 
a  height  as  to  leave  a  discontinuity  in 
the  circuit  of  the  relay  controlling  the 
primary  current  of  the  coil.  On  being 
raised,  the  style,  however,  closes  a  con- 
tact, completing  the  circuit  and  sending 
out  an  electric  wave. 

Any  photograph  or  drawing  destined 
for  transmission  by  this  wireless  appara- 
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tus  should  accordingly  undergo  some 
preliminary  treatment,  calculated  to 
bring  out  any  dark  portions  in  relief. 
This  is  effected  by  dusting  a  photo- 
graphic plate  with  metal  powder  (iron 
powder  for  instance),  which  while  ad- 
hering to  any  opaque  portions  of  the 
image,  will  fall  off  from  the  transpar- 
ent portions  of  the  plate.  The  sensitive 
plate  used  in  this  connection  is  coated 
with  a  much  thicker  film  or  gelatine 
than  usual.  Immediately  after  develop- 
ment, in  fact  before  the  plate  becomes 
quite  dry,  the  metal  powder  is  applied 
and  by  adhering  to  those  parts  which  are 
dampest  (that  is,  the  opaque  parts)  pro- 
duces a  relief  corresponding  to  the  light 
gradations  of  the  image. 


The  receiving  apparatus  used  with  the 
system  is  practically  identical  in  con- 
struction, except  that  its  style  is  raised 
under  normal  conditions  and  is  pressed 
down  by  the  action  of  the  wireless  co- 
herer and  relay  circuit*,  on  the  arrival  of 
electric  waves. 

The  plate  used  for  reproduction  is  a 
glass  plate  the  surface  of  which  is  coat- 
ed with  dissolved  celluloid  incorporated 
with  a  non-transparent  substance  such  as 
lamp  black.  The  negative  plate  produced 
by  the  style  can  be  used  for  the  printing 
of  any  number  of  positive  copies.  A  10 
by  12-inch  picture  can  be  transmitted  in 
from  15  to  20  minutes. 

This  scheme  is  readily  adapted  to  any 
system  of  wireless  telegraphy. 


AN  ELECTRICALLY  DRIVEN  TELESCPOE 


BY   GRACE  AGNES  THOMPSON. 


Electricity  has  won  another  triumph, 
the  telescope.  The  application  of  elec- 
cricity  to  this  work  is  not  exactly  a  new 
idea,  electrical  power  having  been  used 
for  winding  up  the  huge  weights  of  the 
driving  clock  of  the  great  40-inch  refrac- 
tor at  the  Yerkes  Observatory;  also  for 
the  swinging  and  slow  motions  at  this 
and  other  observatories.  At  the  Har- 
vard College  Observatory  telegraphic 
circuits  have  been  employed  over  20 
years  for  controlling  the  driving  clocks 
of  large  telescopes  at  both  its  stations — 
in  Cambridge,  Massachusetts,  and  near 
Arequipa,  Peru.  But  only  within  a  very 
short  time  has  electric  power  been  uti- 
lized for  actually  driving  a  telescope. 

The  ordinary  method  of  driving  is  by 
a  complicated  system  of  weights,  levers, 
springs,  and  wheels,  that  is  usually 
known  as  the  driving  clock.  It  is  the 
method  that,  with  various  progressive 
changes  towards  modern  improvement, 
has  been  in  use  for  more  than  a  century. 
But,  as  just  stated,  it  is  a  complicated 
system  requiring  many  parts  and  no 
small  cost  in  construction.  Moreover, 
unless  this  "clockwork"  is  accurate  to 
?.n  exceeding  nicety,  it  is  of  no  use  in  a 
lelescope.  Being  of  so  delicate  a  con- 
struction, it  is  easily  put  out  of  order 
and  is  therefore  an  object  of  great  con- 
cern and  care  to  the  astronomer. 


With  an  electrically  driven  telescope, 
on  the  other  hand,  there  is  all  the  ad- 
vantage of  moderate  cost,  comparative 
simplicity  in  the  construction  of  the  driv- 
ing mechanism,  and  automatic  action. 
All  this  has  been  thoroughly  demonstrat- 
ed at  Harvard  Observatory,  where  the 
famous  Common  telescope,  the  largest 
telescope  in  the  world  today — a  reflect- 
ing instrument  five  feet  in  diameter,  re- 
cently mounted  at  Cambridge — is  oper- 
ated entirely  by  electricity.  Another 
large  reflecting  telescope,  24  inches  in 
diameter,  mounted  at  Cambridge  about 
a  year  ago,  was  the  first  to  be  driven  in 
this  manner.  The  twin  of  this  instru- 
ment is  now  in  process  of  mounting,  and 
when  finished,  like  the  Common  tele- 
scope will  be  unapproachable  for  obser- 
vations except  through  the  electric 
switchboard.  The  mirrors  for  these  two 
telescopes  were  ground  and  polished  by 
A  Ivan  Clark  and  Sons,-  who  have  made 
nearly  all  of  the  large  reflecting  tele- 
scopes now  famous,  each  in  its  turn  the 
largest  in  the  world. 

The  Common  telescope  is  mounted  in 
the  open,  without  shelter  or  dome  to 
cover  it  from  the  inclemencies  of  weath- 
er— also  an  experiment  which  is  proving 
very  satisfactory.  The  observer  sits  in 
the  "observing-room"  in  a  comfortably 
heated  building.     Before  him  is  the  eye- 
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piece  of  the  telescope  to  which  the  image 
of  the  star  is  brought  by  a  series  of  mir- 
rors in  the  tube  of  the  telescope,  and 
close  at  his  side  is  the  recorder  and  his 
electric  switchboard,  where  the  mere 
touch  of  a  button,  the  turning  of  a  tiny 


NEW     TWENTY-FOUR-INCH     REFLECTOR 
TELESCOPE   ELECTRICALLY  OPERATED. 

switch,  turns  the  great  instrument  here 
or  there  to  reach  any  part  of  the  starry 
sphere  from  horizon  to  horizon.  All 
this  is  done  as  easily  as  though  its  many 
tons  were  but  a  feather  weight.  The 
switches  located  at  this  desk  .control  mo- 
tors and  clutches,  by  means  of  which  the 
telescope  can  be  swung  at  various 
speeds ;  while  dials  and  indicators  not 
only  show  at  a  glance  the  exact  position 
of  the  telescope  and  the  motion  that  is 
being  imparted  to  it,  but  also  register  the 
measures  made  by  photometric  apparatus 
used  by  the  observer  at  the  eye-piece. 
For  following  the  apparent  motion  of 
the  star,  there  is  a  small  motor  synchron- 
ized by  an  accurate  clock  which  gives  a 
perfectly  uniform  movement  to  the  tele- 
scope, and  one  which  can  be  prolonged 
as  many  hours  as  desired  without  any 
watching  and  "re-winding"  as  in  the  old 
crude  hand  way. 

For    this    purpose      a    specially    made 
governor  operated      by     an   intermittent 


current  is  employed.  The  principle  of 
using  such  a  current  to  control  the  speed 
of  a  motor  is  not  new.  Everyone  has 
seen  the  motorman  on  the  trolley  car 
avail  himself  of  it  to  run  his  car  at  a 
speed  lower  than  that  given  by  the  low- 
est notch  in  his  controller.  This  prin- 
ciple was  first  used  in  a  governor  in- 
\ented  by  Professor  Edward  C.  Picker- 
ing, Director  of  Harvard  Observatory, 
and  Mr.  Williard  P.  Gerrish  in  1900. 
The  present  form  of  governor,  invented 
by  Mr.  Gerrish,  is  materially  different 
from  the  original  and  is  the  first  to  be 
actually  used  for  operating  a  large  tele- 
scope. 

The  fundamental  object  of  such  a  gov- 
ernor is  to  produce  a  steady  uniform  mo- 
tion, which  shall  be  exactly  timed  to  a 
prescribed  rate  as  indicated  by  a  clock 
pendulum  or  other  standard  timepiece. 
As  the  telescope  to  be  moved  is  fre- 
quently of  great  weight — perhaps  of 
many  tons  like  the  Common — a  gover- 
nor must  have  at  its  command  a  con- 
siderable amount  of  surplus  power,  more 
01  less  of  which  can  be  drawn  upon  to 
meet  the  requirements  of  varying  fric- 
tion and  other  resistances  to  the  motion 
of  the  telescope. 


OliSKKYlXO    APPARATUS   OF   A   60-INCH 
REFLECTOR  TELESCOPE?. 

In  a  telescope  as  in  a  steam  engine 
governor,  or  in  fact  any  other  form  of 
.-elf-governing  machinery,  the  error  oi 
rate  must  exist  before  it  can  be  cor- 
rected.      This    is    axiomatic.       The    effi- 
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r.iency  of  a  governor  is  therefore  deter- 
mined by  the  promptness  with  which  the 
error  is  detected  and  remedied,  the  lat- 
ter depending  on  the  amount  of  the  pow- 
er at  the  disposal  of  the  governor. 

There  are  two  general  methods  of 
controlling  a  continuous  rotary  motion 
in  machinery :  first,  by  varying  the  pres- 
sure or  intensity  of  the  driving  force 
which  is  applied  continuously;  and  sec- 
ond, by  interrupting  the  driving  force 
at  intervals  which  vary  according  to  the 
power  required,  the  power  while  applied 
being  maintained  at  a  uniform  intensity. 


^cope  mechanism  whiv/Ii  should,  when 
driven  at  the  proper  rate,  -evolve  in  a 
period  corresponding  to  that  of  the  con- 
trolling pendulum.  The  armature  of 
the  magnet  is  provided  with  a  locking 
device  so  arranged  that  when  the  circuit 
is  once  closed  by  the  clock  contact,  it 
cannot  be  opened  except  by  the  opening 
of  the  releasing  contact  operated  by  the 
telescope. 

The  method  of  operation  is  as  follows : 
The  clock  pendulum  closes  the  auxiliary 
circuit  through  the  magnet,  the  armature 
of     which     closes     the     power     circuit 


THE    GREAT    COMMON    TELESCOPE 

The   new   telescope   governor    is   of   the 
latter  variety. 

The  apparatus  consists  of  an  electric 
motor  connected  to  the  driving  ma- 
chinery of  the  telescope.  Current  to  the 
motor  is  supplied  from  an  ordinary  pow- 
er circuit.  The  switch  controlling  the 
current  to  the  motor  is  operated  by  an 
electromagnet  in  an  auxiliary  circuit  of 
low  potential  supplied  by  a  battery. 
This  auxiliary  circuit  also  includes  a 
contact  device  operated  by  the  pendulum 
of  the  controlling  clock,  and  a  releasing 
contact  which  is  momentarily  opened  at 
each  revolution  by  a  wheel  in  the  tele- 


SHOWING    ANGLE   IRON   FRAME. 

through  the  motor.  The  mo'vor  starts  at 
constantly  increasing  speed  until  the 
telescope  is  moved  far  enough  to  3per- 
ate  the  releasing  contact,  when  the  pow- 
er is  shut  off  and  the  machine  continues 
its  motion  by  virtue  of  its  intertla,  to 
which  is  added  that  of  a  heavy  fly  wheel ; 
but  the  motion  is  now,  of  course,  con- 
stantly decreasing.  The  clock  again 
closes  the  circuit  and  the  same  thing 
happens  as  before,  the  machine  revolv- 
ing at  an  approximately  uniform  rate 
during  the  short  interval  between  clock 
beats — usually  one  second. 

If  the  machine  runs  too  fast,  the  in- 
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terval  between  the  closing  of  the  circuit 
by  the  clock  and  its  opening  by  the  tele- 
scope decreases,  and  a  correspondingly 
shorter  interval  of  power  results,  caus- 
ing an  immediate  reduction  of  speed.  If 
the  speed  is  too  low  during  any  given 
second,  the  interval  of  power  is  corre- 
spondingly increased  and  the  speed  in- 


creases. The  governor  with  the  aid  of 
its  fly  wheel  soon  establishes  a  mean 
speed,  which  corresponds  exactly  to  the 
beats  of  the  pendulum.  The  small  varia- 
tions which  occur  within  one  second  are 
entirely  inappreciable,  and  are  minimized 
by  using  a  heavy  fly  wheel,  the  inertia  of 
which  further  decreases  the  variations. 


EFFECTIVE  INTERIOR  ILLUMINATION. 

Effective  illumination  of  interiors  is  a 
matter  which  now  receives  the  careful 
attention  of  the  architect.     In  days  gone 


ness  is  not  disturbed  by  loud,  gaudy 
chandeliers,  but  for  the  lighting,  simple 
electric  ceiling  lights  were  selected,  these 
giving  off  a  very  mild  radiance. 


CEILING    LIGHTS    IN    THE   MAIN    DINING      ROOM   OF  THE  TRAUBE  RESTAURANT. 


by  it  was  customary  to  place  the  lights 
in  a  more  or  less  haphazard  manner, 
with  no  view  to  increasing  their  effi- 
ciency or  adding  to  the  artistic  effect  of 
the  interior.  Now,  however,  this  fea- 
ture is  given  most  careful  consideration, 
and  there  are  even  professional  engi- 
neers, called  illuminating  engineers,  who 
devote  their  time  to  this  work. 

In  Germany,  illuminating  engineering- 
has  advanced  to  as  great  a  degree  in  the 
last  few  'years  as  it  has  in  this  country, 
and  to  illustrate  German  ideas  as  to 
what  constitutes  effective  and  artistic 
lighting,  several  views  are  here  shown  of 
the  Traube  wine  restaurant  in  Berlin. 
These  views  are 'reproduced  through  the 
courtesy  of  Mitteilungen,  a  publication 
issued  by  the  Berlin  Elektricitats^Werke. 

In  the  "Danzig"  room,  a  quiet  nook 
which  seems  to  be  just  the  place  for  a 
few  good  friends  who  wish  to  meet 
privately,     the     impression     (^\      restful 
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ROOM    IX    THE    TRAUBE 
RESTAURANT. 


Che  "Gothic"  room  can  be  regarded. 
to  a  certain  extent,  as  a  counterpart  of 
the  above.  There  the  solemn  aspect  of 
the  room  is  somewhat  lessened  by   incan- 
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"GOTHIC"    ROOM    IN    THE    TRAUBE 

RESTAURANT. 

descent  hanging  lights  above  the  tables. 
In  the  main  dining-room  incandescent 
lamps  radiating  out  of  bronze  wreaths 
are  used  very  effectively,  tantalum  lamps 
having  been  chiefly  employed.  ; 


UNIQUE  WATERPOWER  PLANT. 

It  is   surprising  what   an   amount   of 
energy  this  seemingly  rustic  water  plant 


can  develop.  It  lights  up  one  house  of 
25  rooms  and  four  cottages  besides, 
making  a  total  of  43  rooms.  The  prom- 
enades and  byways  to  and  from  the  main 
building  to  the  various  cottages  are  like- 
wise lighted.  In  the  main  building  and 
dining  room  electric  fans  add  to  the  com- 
fort of  the  summer  guests. 

A  small  pond  at  the  rear  in  the  picture 
is  the  reservoir,  and  is  about  10  feet 
higher  than  the  level  of  the  river.  When 
this  reservoir  is  quite  full  it  may  be  emp- 
tied over  a  water  wheel  for  five  hours 
consecutively,  thereby  producing  suffi- 
cient energy  to  light  from  90  to  100 
lights.  Two  hundred  and  twenty-five 
tons  of  water  are  rushing  over  the  wa- 
ter wheel  per  hour.  The  wheel  alone 
weighs  1,000  pounds. 

The  wheel  was  made  by  the  engineer 
right  on  the  spot,  with  such  tools  as 
were  then  available.  The  power  house 
used  to  be  a  lemonade  stand  and  its 
equipment  shows  ingenuity,  considering 
the  limited  means  at  hand. 

This  plant  has  been  operated  success- 
fully for  a  number  of  seasons  by  one  who 
did  not  know  the  A  B  C  of  electricity,  and 
this  again  adequately  demonstrates  how 
simple  it  is  for  an  inexperienced  person 
to  operate  a  small  plant  of  this  sort. 


UNIQUE   WATER   POWER   ELECTRIC    PLANT. 


ELECTRICAL  MEN  OF  THE  TIMES, 

ARTHUR  BESSEY  SMITH. 


We  admire  the  aggressive  man  who 
works  himself  to  a  position  in  the  front 
rank  in  spite  of  difficulties.  Such  a  type 
is  Arthur  Bessey  Smith,  assistant  pro- 
fessor in  telephone  engineering  of  Pur- 
due University,  Lafayette,  Ind.,  and  one 
of  the  recognized  authorities  of  the 
country  on  telephone  matters. 

He  was  born  August  10,  1875,  at  Al- 
toona,  la.  His  fa- 
ther, Cyrus  Smith, 
was  a  Methodist 
minister  of  Ger- 
man-French ances- 
try from  Alsace. 
He  received  'h  i  s 
preparatory  educa- 
tion in  the  common 
schools  of  Iowa 
and  at  Woodbine 
Normal  School 
and  later  took  the 
electrical  engineer- 
ing course  at  the 
University  of  Ne- 
braska, completing 
the  course  in  June, 
1901.  When  young 
Smith  arrived  at 
the  University  of 
Nebraska  one  Sep- 
tember day  in  1896 
he  had  less  than 
$20  in  his  pocket, 
and  with  this  mea- 
ger sum  he  set  out 
to  secure  a  college 

education.  To  a  man  with  less  energy 
and  optimism  this  would  have  seemed  an 
impossible  task.  But  with  perseverance 
and  hard  work  it  was  accomplished,  and 
during  his  entire  five  years'  course  he  re- 
lied wholly  on  his  own  resources.  He 
graduated  in  1901  with  the  degree  of 
B.  S.  in  E.  E.,  and  was  also  elected  to 
the  honorary  society  of  the  Sigma  Xi. 

After  graduation  Mr.  Smith  became  a 
lineman  and  troubl.eman  for  the  local 
telephone  company  at  Missouri  Valley, 
la.  The  next  year  he  went  with  the  Ne- 
braska Telephone  Company  at  Omaha. 
Neb.,  and  was  first  general  troubleman 
and   then   district  inspector   in    the   citv. 


He  was  also  made  local  manager  of  the 
company's  plant  at  Tecumseh,  Neb.  He 
left  Omaha  in  January,  1903,  to  take  the 
position  of  assistant  manager  of  the 
Woodbine  Telephone  Company,  Wood- 
bine, la.,  and  in  the  spring  of  1905  left 
there  to  become  wire  chief  of  the  Am- 
sterdam Automatic  Telephone  Company, 
Amsterdam,  N.  Y.,  then  operating  a 
manual  common 
battery  board.  -In 
September,  1905, 
he  accepted  a  posi- 
tion at  Purdue 
•University,  and 
took  charge  of  the 
telephone  labora- 
tory and  telephone 
engineering  course, 
which  position  he 
holds  at  present. 

Mr.  Smith  is  not 
only  well  known  by 
his  ability  as  an  ed- 
ucator, but  also 
from  his  writings 
on  telephony,  being 
looked  upon  as  an 
authority  on  the 
subject.  His  arti- 
cles have  been 
widely  printed  in 
the  most  prominent 
technical  journals. 
He  has  also  con- 
ducted valuable  re- 
search work,  both 
mathematical  and  experimental,  in  the 
action  of  currents  in  the  primary  circuit 
of  local  battery  telephones.  In  recogni- 
tion of  his  work  he  received  the  degree 
of  Electrical  Engineer.  Purdue.  1007. 
He  is  also  associate  member  of  the 
American  Institute  oi  Electrical  Engi- 
neers. 

One  thing  which  Arthur  Bessey  Smith 
has  given  to  the  telephone  world,  and 
which  stands  out  prominently  as  one  of 
the  most  fruitful  of  his  achievements,  is 
.1  complete  history  of  the  ;u:: 
phone.  This  able  work  appeared  in  one 
o\  the  prominent  telephone  journals  and 
IS   thorough   and  authentic. 
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OZONE     WATER     PURIFIER     FOR    THE 
HOME. 

A  method  of  purifying  water  by  means 
of  ozone,  to  be  used  in  the  home  with  the 
same  facility  as  the  electric  light  is  the 
latest  enemy  to  bacteria.  In  the  appara- 
tus shown  in  the  accompanying  illustra- 
tion, alternating  current  (usually  of  no 
volts)  is  taken  from  the  "ordinary  elec- 
tric light  circuit  and  transformed  and 
stepped  up  to  about  8,000  volts,  alternat- 
ing current.  This  high  voltage  produces" 
in  the  ozonizer  (a  box  containing  alter- 
nate plates  of  aluminum  and  micanite)  a 
silent  electric  discharge,  converting  the 
ordinary  atmospheric  air  drawn  through 
the  ozonizer  into  ozone. 

The  water  to  be  treated  flows,  under 
its  own  pressure,  from  the  city  mains 
through  the  pipe  to  its  highest  point,  and 
in  descending  draws  the  ozone,  by  means 
of  an  aspirator,  from  the  ozonizer,  the 
water  and  ozone  thoroughly  comming- 
ling. This  action  is  continued  during  the 
progress  of  the  water  in  its  steady 
descent  into  the  glass  sterilizer  where 
the  ozone  ascends  in  millions  of  minute 
bubbles,  again  coming  into  intimate  con- 
tact with  every  particle  of  the  water  and 
completely  destroying  all  the  disease 
producing  bacteria  contained  therein. 
The  ozonized  water  then  finds  an  outlet 
at  the  top  of  the  sterilizer  and  may  be 
conducted  into  any  suitable  storage  re- 
ceptacle for  use. 

The  reason  for  the  destruction  of  the 
bacteria  by  the  ozone  is  this :  Chemical 
analysis  of  the  bodies  of  bacteria  shows 
that  they  are  made  up  of  about  84  per 
cent  of  water  and  16  of  solids.  Of  these 
solids  more  than  half  is  made  up  of  car- 
bon.    The  strong  affinity  of  oxygen  for 


carbon  is  well  known.  Ozone,  being  a 
concentrated  form  of  oxygen,  has  an 
even  greater  affinity  for  carbon,  and  the 
moment  a  bacillus  comes  in  contact  with 
a  bubble  of  ozonized  air  the  carbon  of  its 
body  combines  with  oxygen  and  the  ba- 


OZONE    WATER    PURIFIER. 

cillus  is  consumed  as  completely  as  if  it 
had  touched  flame.  The  apparatus  shown 
in  the  illustration,  it  is  claimed,  will  pur- 
ify 4,000  gallons  of  water  per  day. 
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THE  ELECTRIC  BOOTH. 

It  is  surprising  how  many  convenient 
and  useful  electrical  appliances  can  now 
be  used  in  the  household.  A  great  many 
people  still  have  the  idea  that  all  these 
articles  are  very  expensive  and  cost  a 
great  deal  to  operate,  but  this  impres- 
sion is  rapidly  disappearing  as  the  facts 
become  known  and  people  become  con- 
versant with  the  many  smaller  and  less 
pretentious  devices. 

In  order  to  show  these  articles  to 
every  one  interested,  the  Commonwealth 
Edison  Company  of  Chicago  has  de- 
signed the  Electric  Booth  shown  in  the 
illustration  and  is  installing  it  in  some 
of     the     best     groceries     and     markets 


store,  being  only  five  feet  wide  by  for  r 
and  a  half  feet  deep.  And  yet  in  'his 
small  space  are  shown  all  of  the  follow- 
ing articles,  each  one  of  which  can  be 
attached  to  any  electric  lamp  socket  in 
the  home. 

Sewing-room  Flat  Iron  Tea  Pot 
Shaving  Mug  Household  Flat  Iron 

Couch  Bracket  Curling  Iron  Heater 

Nursery  Milk  Warmer    Pint  Water  Heater 


Portable  Candle  Lamp 
Cereal  Cooker 
Egg  Boiler 
Chafing  Dish 
Coffee  Percolator 
Glue  Pot 
Toaster 
Fan 
Heating  Pad 


THE    ELECTRIC    BOOTH. 

throughout  the  city.  Invitations  arc  sent 
out  to  all  who  live  near  to  call  and  ex- 
amine the  appliances  and  see  just  how 
they  work. 

The  booth  is  necessarily  small  so  that 
it  will  ncit  take  up  much  spare   in   the 


Soldering  Iron 
Six  Inch  Stove 
Oil  Lamp  Changer 
Turn  Down  Lamp 
Portable  Reading  Lamp 
Piano  Lamp 
Dimalite 
Corn  Popper 
Tungsten  Lamp 
The    demonstrator    in 
charge  of  the  Booth  ex- 
plains all  about  the  oper- 
ation and  cost  of  the  ar- 
ticles, the  rates  charged 
by      the     Company     for 
electricity,  and  any  other 
matters    of    interest    to 
users    or    prospective 
users  of  electricity. 

Some  of  the  informa- 
tion given  is  as  follows : 
To  make  a  cup  of  cof- 
fee   by    electricity    costs 
orly  1-5  of  a  cent. 

The  electric  flatiron 
will  get  hot  enough  for 
ordinary  use  in  six  min- 
utes. 

No  need  to  use  bees- 
wax or  paraffine  on  the 
bottom  of  an  electric 
flatiron,  as  there  is  no 
flame  to  blacken  it. 

You  can  solder  your 
own  pans  in  a  few  min- 
utes with  an  electric  sol- 
dering- iron,  also  useful 
for  melting  sealing  wax. 
etc. 

A  little  article  about 
the  :ije  of  a  napkin  ring 
is  called  a  Dimalite  and 
screws  into  any  lamp 
socket  and  will  make  the 
lamp  turn  up  or  down  as  desired. 

Any  one  can  change  an  oil  lamp  to  an 
electric  in  five  minutes  by  using  a  Daz- 
zelite  Oil  Lamp  Chancer.  Tins  saves 
discarding  an  expensive  or  highly  prized 
oil  lamp. 
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Physicians  and  nurses  are  now  recom- 
mending the  use  of  the  electric  heating 
pad  instead  of  the  old-fashioned  hot 
water  bottle.  They  come  with  remov- 
able washable  covers. 

Did  you  ever  taste  wafers  or  bread 
browned  on  the  electric  toaster  ?  Try  it, 
and  you  will  know  what  delicious  toast 
is,  for  the  electric  way  is  the  best  way. 


ELECTRICAL  HOME  DECORATIONS. 

Throughout  the  Holidays  and  during 
the  mid-winter  season  every  mistress  of 
a    household    is    saying:     "How    can    I 


many  are  still  unfamiliar  with  their 
adaptability  for  home  decoration  where- 
by most  original  and  pleasing  decorative 
effects  may  be  obtained  without  the 
services  of  an  expert  electrician,  when 
they  are  to  be  used  temporarily  as  for 
a  party,  reception  or  dinner. 

Secure  from  your  electric  light  com- 
pany, or  dealer  in  electrical  supplies,  a 
Christmas  tree  outfit,  32-lamp  size. 
These  are  also  called  "miniature  lamp 
festoons."  The  32-iamp  size  will  have 
one  main  cord  or  wire  with  a  plug  to  go 
into    a    lamp    socket     and     four    branch 


MINIATURE    LAMP   DECORATIONS. 


make  this  year's  entertainments  the  most 
memorable  and  pleasing  to  my  guests?" 
Most  of  our  readers  are  probably  fa- 
miliar with  the  miniature  lamps  for  use 
on  the  Christmas  trees  instead  of  the 
old-fashioned  candles.  These  electric 
Christmas  tree  lamps  are  the  most  sat- 
isfactory means  of  illumination  with  the 
inflammable  materials  used  on  the  tree, 
on  account  of  their  perfect  safety  from 
fire  as  well  as  their  beautiful  effect.   But 


cords,  each  branch  having  eight  sockets 
in  which  to  screw  the  little  lamps.  The 
lamps  come  in  assorted  colors — clear 
glass,  white,  red,  amber,  blue  and  green. 
The  outfit  is  sold  complete  packed  in  a 
box  lamps  and  all. 

Unpack  the  outfit  and  screw  each  min- 
iature lamp  into  a  socket  of  the  festoon 
and  screw  the  plug  into  one  of  the  sock- 
ets on  any  electric  bracket  or  chande- 
lier in  the  house  and  see  if  all  the  min- 
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iature  lamps  light  up.  If  some  do  not 
they  are  probably  not  screwed  tight 
enough  into  their  sockets.  If  one  of 
the  eight  lamps  on  the  cord  is  broken  or 
not  connected  tightly  none  of  the  eight 
lamps  on  that  branch  of  the  cord  will 
light  up,  so  you  must  make  sure  that 
all  the  lamps  are  in  properly.  You  have 
now  tested  the  outfit  and  are  sure  that 
it  is  in  operative  condition  and  that  all 
the  lamps   will  burn  properly. 

There  are  several  ways  to  use  the  out- 
fit, but  the  prettiest  and  most  effective 
for  holiday  occasions  is  the  festoon 
method.  In  arranging  this,  the  services 
of  a  man  are  required,  but  this  does  not 
mean  an  expert  electrician.  Just  an  or- 
dinary handy  man  will  do,  for  if  the 
simple  rules  given  here  are  carefully  fol- 
lowed, there  will  be  no  difficulty  what- 
_  ever  in  connecting  the  lights. 

Take  the  outfit  out  of  its  box  and 
spread  the  four  branches  to  the  corners 
of  the  room.  Place  a  step  ladder  near 
the  center  of  the  room.  Have  the  man 
grasp  the  festoon  at  the  place  where  the 
four  branches  come  together,  and  carry 
it  up  to  the  canopy  of  the  chandelier 
at  the  ceiling.  He  now  uses  a  screw- 
driver, and  unscrewing  the  set-screw 
which  holds  the  canopy  up  against  the 
ceiling,  lets  the  canopy  down  for  a  cou- 
ple of  inches.  Pushing  the  festoon  be- 
tween the  canopy  and  the  ceiling  he 
raises  the  canopy  up  again  and  fastens 
the  set-screw,  thus  holding  the  festoon 
up  close  to  the  ceiling. 

Now  have  the  man  take  the  ladder  to 
one  corner  of  the  room  and  drive  a  small 
nail  just  above  the  picture  moulding. 
Then  fasten  up  the  extreme  end  of  one 
of  the  four  branches,  using  a  piece  of 
string  tied  around  the  end  of  the  fes- 
toon. Never  drive  a  nail  into  any  elec- 
tric cord  or  fasten  such  a  cord  directly 
around  a  nail  or  any  metal.  This  is  why 
you  use  string.  Fasten  up  the  end  of 
the  other  branches  to  the  corners  of  the 
room  in  the  same  way,  looping  the 
branches  in  graceful  festoons  by  manip- 
ulating them  at  the  chandelier  or  the 
corners   of  the   room. 

Now  twine  (lie  central  cord  of  the  fes- 
toons around  the  stem  of  the  chandelier 
and  screw  its  plug  into  one  o\  the  lamp 
sockets  on  the  chandelier,  after  making 
sure    that    the    lamp    which    belongs    in 


that  socket  on  the  chandelier  will  light 
up  and  is  still  burning  when  you  un- 
screw it.  Next  screw  the  miniature 
lamps  into  the  sockets  along  the  cords, 
selecting  lamps  with  different  colors 
successively  on  each  branch  and  as  the 
last  one  on  each  branch  is  screwed  in, 
completing  the  circuit,  all  eight  lamps  on 
that  branch  will  light  up.  If  the  fes- 
toons are  looped  gracefully  the  effect  will 
be  very  good  provided  too  much  light 
does  not  enter  the  room  from  the  win- 
dows or  from  other  sources  of  artificial 
light  in  the  room. 

If  it  is  desired  to  make  a  still  more 
festive  appearance  the  electric  festoons 
can  be  entwined  with  strings  of  green- 
ery. If  this  is  done  the  stem  and  arms 
of  the  chandelier  should  also  be  encir- 
cled with  the  greenery  in  such  a  way  as 
to  completely  conceal  the  cords  of  the 
festoons. 

Other  ways  of  using  these  miniature 
lamp  outfits  will  occur  to  the  hostess  who 
loves  to  plan  original  effects,  such  as 
weaving  them  into  the  decorations  of  the 
dining  table,  running  them  about  the 
draperies  of  a  double  doorway  or  al- 
cove, and  turning  the  conservatory  into 
a  veritable  fairyland  by  stringing  the 
dainty  lamps  all  through  the  vines  and 
foliage. 


WASH  DAY  LOSES  ITS  TERRORS. 

At  a  cost  of  less  than  two  cents  for 
power  the  Thor  electric  washer  and 
wringer    will     do     an     ordinary    family 
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washing  in  an  hour.  It  does  almost 
everything  but  hang  out  the  clothes.  The 
washer  is  operated  by  a  small  motor 
mounted  on  the  framework  of  the  ma- 
chine. It  revolves  several  times  in  one 
direction,  reverses  and  makes  the  same 
number  of  revolutions  in  the  opposite  di- 
rection. Each  revolution  of  the  cylinder 
carries  part  of  the  clothes  to  the  top, 
spreads  them  out,  then  drops  them  back 
into  the  water,  exposing  every  part  of 
them  to  the  torrents  of  hot  suds  being 
continuously  forced  through  the  perfora- 
tions in  the  cylinder. 

The  same  motor  also  operates  the 
w ringer  which  is  of  the  three-roll  type. 
The  clothes  are  wrung  through  the  low- 
er pair  of  rolls  into  the  tub  and  after 
they  are  rinsed  or  blued  are  run  back 
through  the  upper  pair  of  rolls.  This 
obviates  the  necessity  of  an  extra 
w  ringer. 

ELECTRIC  LIGHT  TURNED  UP  OR  DOWN. 

This  little  electrical  device,  about  the 
size  of  a  small  napkin  ring,  is  called  a 
"Dimalite"  and  will  turn  up  or  down 
any  electric,  lamp  which  is  screwed  into 
it.  It  fastens  into  any  regular  Edison 
electric  light  socket.  By  pulling  one  of 
the  strings  the  light  is  turned  on,  first 
very  low,  then  a  little  brighter  and  then 


THE    DIM-A-LITE. 

full  candle  power.     By  pulling  the  other 
string  the  process  is  reversed. 

This  article,  besides  being  very  con- 
venient for  use  in  the  home,  effects  a  sav- 
ing in  the  cost  of  electricity,  for  when  the 
light  is  turned  down  only  a  fraction  of 
the  norm  .1  full-light  current  is  being 
used. 


TALKS  ON  "CURRENT"  TOPICS. 

W.  S.  P. —  (i)  There  are  several 
good  electric  vibratory  massage  ma- 
chines on  the  market,  but  we  cannot 
give  the  names  of  manufacturers  in  this 
department.  (2)  The  amount  of  elec- 
tricity used  by  a  vibrator  is  only  about 
as  much  as  that  consumed  by  an  ordi- 
nary 16-candlepower  electric  lamp — 
that  is  about  50  watts. 

M.  L.  F. — Some  electric  light  com- 
panies furnish  lamps  free,  others  do  not. 
It  is  a  matter  for  you  to  take  up  with 
your  own  electric  service  company. 

Mrs.  B. — It  is  impossible  to  give  here 
even  an  approximate  estimate  of  cost  of 
wiring  a  nine-room  house  for  electric 
service,  as  the  cost  depends  upon  the 
number  of  outlets  (or  openings)  in  the 
walls  required,  the  number  of  lamps  to 
be  used  at  each  outlet,  the  number  of 
switches,  whether  the  house  is  frame  or 
brick,  and  the  price  of  labor.  We  sug- 
gest you  take  up  the  matter  with  a 
reputable     contractor 

H.  W.  P. — You  can  use  an  electric 
stove  to  heat  your  chafing  dish  instead 
of  with  an  alcohol  lamp,  provided  the 
bottom  of  the  chafing  dish  is  flat  and  the 
legs  of  the  chafing  dish  are  wide  enough 
apart  to  allow  for  a  space  4^2  inches  in 
diameter  for  the  bottom  of  the  chafing 
dish  to  rest  upon  the  stove.  Best  re- 
sults are,  however,  obtained  by  using  the 
regular  electric  chafing  dish  which  is 
equipped  with  an  electric  heater  de- 
signed to  properly  heat  the  utensil  with 
which  it  is  sold. 

A.  L.  D. — Cooking  by  electricity  is 
entirely  practical  to-day.  It  is  only  a 
question  of  the  cost.  The  writer  was 
present  on  Thanksgiving  Day  at  a  din- 
ner where  no  other  means  whatever  was 
used  for  preparing  the  entire  repast. 

Alice  B. — Electric  light  is  not  injuri- 
ous to  the  eyes  when  properly  installed 
and  used.  All  brilliant  lights,  whether 
gas  or  electric,  should  be  equipped  with 
shades  to  keep  the  direct  rays  from  strik- 
ine  the  eves.  In  reading,  the  light  should 
fall  on  the  paper  at  such  an  angle  that 
there  is  no  glare.  The  best  position  is  to 
sit  with  the  back  to  the  light  and  let  the 
light  come  from  over  the  shoulder. 

Appleton. — The  Tungsten  lamp  is  so 
called  from  the  fact  that  its  filament  (or 
fine  wire  which  becomes  white  hot)  is 
made  of  the  metal  tungsten. 
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ELECTRIC  TABLE  DECORATIONS. 

Artistic  electric  decorations  are  now 
very  largely  employed  in  the  leading 
restaurants,  hotels  and  clubs,  as  well  as 
in  residences.  Very  handsome  floral 
pieces  and  set  designs,  with  vines  for 
draping  are  available,  all  electrically 
lighted.     They  are  furnished  with  beau- 


ELECTRICAL    ROSE    BUSH. 

tiful,  soft-colored,  miniature  lamps  inter- 
woven with  the  foliage  and  partly  con- 
cealed in  the  flowers. 

An  illuminated  rose  bush  is  particular- 
ly effective  for  banquet  tables  arranged 
with  incandescent  lamps  in  the  roses,  the 
bush  being  2]/2  feet  high  and  combining 
harmoniously  with  the  various  colors  in 
the  decoration. 

The  electric  fruit  tree  is  a  beautiful 
creation.  The  peach  tree  illustrated  is 
2*^,  feet  high  and  may  be  made  higher  if 
required.  An  orange  tree  four  feet  in 
height  with  electrically  lighted  fruit  is 
also  particularly  effective.  Besides  these 
miniature  trees,  there  are  electrically  il- 
luminated fruit  baskets  and  strawberry 
beds,  all  novel  and  unique  for  the  dining 
room  table  or  sideboard. 

The  electric  lighted  strawberry  bed  is 
designed  to  perfectly  immitate  a  natural 


bed  of  berries,  the  fruit  lamps  being 
partly  concealed  in  the  foliage.  The  elec- 
tric decorated  hanging  bell  is  covered 
with  foliage  and  blossoms  containing 
concealed  colored  lamps  producing  a 
soft-shaded  light  effect.  The  tongue  or 
clapper  is  a  miniature  fruit  lamp,  and 
the  whole  design  measures  24  inches  in 
diameter. 

The  electrically  lighted  canoe  of  birch 
bark  is  the  most  artistic,  being  arranged 
to  be  suspended  from  an  ordinary  elec- 
tric lamp  socket.  The  canoe   is  covered 


ELECTRICAL  PEACH  TREE. 

with  sea  moss,  partly  revealing  a  deli- 
cate glow  from  the  colored  lamps.  Hun- 
dreds of  other  designs  might  be  men- 
tioned. 

These  novelties  are  coming  more  ex- 
tensively into  use  as  the  number  of  homes 
served  with  electric  light  increases,  al- 
though at  one  time  decorations  of  this 
sort  were  only  to  be  found  in  public 
places. 


JUNIOR 
SECTION 


HOW  A  BOY  BUILT  ONE  OF  THE  FIRST  ELECTRIC 

RAILWAYS. 


One  of  the  early  attempts  to  build  an 
electric  railway  was  made  by  Mr.  Louis 
E.  Walkins  in  the  year  1878.  The  ac- 
companying picture  from  the  original 
water  color  sketch  made  by  the  inventor 
is  of  considerable  historical  interest.  In 
the  spring  of  that  year  Mr.  Walkins, 
then  a  young  boy;  purchased  of  a  Mr. 
Mansfield,  then  a  resident  of  Hyde  Park, 
Mass.,  the  track  and  switches  of  his  ex- 
perimental one  foot  gauge  railroad.  Mr. 
Mansfield,  by  the  way,  was  the  father 
of  the  narrow  gauge  railroad  in  this 
country,  having  built  the  Belerica  &  Bed- 
ford Narrow  Gauge  Railroad  near  the 
city  of  Boston,  and  later  the  narrow 
gauge  railway  ,  at  Rangely  Lakes,  Far- 
mington   Maine. 

During  the  summer  of  1878  Mr.  Wal- 
kins put  down  the  track  on  Summit 
street,  Clarendon  Hills  District,  Roslin- 
dale,  in  the  city  of  Boston.  The  street 
was  a  short  one,  less  than  1,000  feet  in 
length,  the  line  of  track  curved  from  the 
street  and  run  thence  in  a  straight  line  to 
a  point  very  near  the  summit  of  the  hill 
and  was  1,800  feet  in  length.  The  rails 
were  of  spruce,  sawed  one  inch  square 
and  fastened  to  the  ties  by  screws.  The 
ties  were  %  inch  thick,  2.y2  inches  wide 
and  18  inches  long.  Strap  iron  was  fast- 
ened to  the  top  of  the  rails  by  screws, 
and  on  this  strap  iron  the  wheels  of  the 
car  ran.  The  third  rail  was  situated  be- 
tween the  track  rails.  The  rail  usedjvas  of 
the  same  dimensions  as  the  track  rail,  but 
consisted  of  two  strips  of  thin  copper  in- 
stead of  iron.    One  line  of  the  track  rail 


was  bonded  at  the  joints  by  small  strips 
of  copper,  so  as  to  form  a  continuous  re- 
turn conductor.  The  copper  third  rail 
was  soldered  at  the  joints  so  as  to  form 
a  continuous  feed  conductor.  At  a  point 
opposite  the  residence  of  the  inventor 
was  located  a  pole  to  which  was  secured 
the  wires  conducting  the  current  from 
the  battery  located  in  the  cellar  of  the 
house  to  the  third  rail  and  the  return 
conductor. 

The  battery  consisted  of  100  cells  of 
the  Bunsen  type.  The  car  was  made  of 
a  double  runner  sled,  two  trucks  being 
constructed  to  take  the  place  of  the 
runners,  The  rear  truck  was  so  ar- 
ranged that  an  electric  motor  made  bv 
the  inventor  was  secured  to  the  frame  o'f 
the  truck  whose  pulley  was  connected  by 
a  belt  with  a  large  pulley  secured  to  one 
of  the  axles  of  a  pair  of  wheels. 

At  first  a  steel  spring  shoe  was  used 
on  the  power  truck  to  connect  with  the 
third  rail.  Then  a  brush  was  used  made 
of  copper  wire.  From  the  latter  the  best 
results  were  obtained.  The  grade  of  the 
track  was  nearly  level  over  the  whole 
distance.  The  car  when  given  a  push  ran 
very  well  and  covered  nearly  the  whole 
length  of  the  track  without  assistance. 
More  batteries  were  added  and  complete 
round  trips  were  easily  made  on  special 
occasions.  The  road  was  in  operation  at 
intervals  during  three  months  of  the  fall 
of  1878,  but  it  was  so  expensive  to  oper- 
ate that  it  was  finally  abandoned  about 
the  first  of  December,  1878.  Old  resi- 
dents of  Clarendon  Hills,  Mount  Hope 
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ELECTRIC   RAILWAY   BUILT   IN   1878. 


and  Roslindale,  West  Roxbury  District, 
Boston,  Mass.,  can  well  remember  this 
railroad,  as  it  was  a  great  curiosity  to  see 
a  car  go  along  as  they  said  by  electricity. 
The  youthful  inventor  formed  a  regu- 
lar little  company,  which  of  course  was 
not  incorporated,  among  his  young  com- 
panions. Walkins  was  president;  a 
young  man,   Augustus  Blaze,  in  recent 


years  a  well-known  contractor  and  build- 
er of  New  York  City,  was  superintend- 
ent, and  the  treasurer  and  conductor  was 
Charles  Houghton  of  Roslindale,  in  later 
years  a  successful  jewelry  salesman 
of  Boston.  Regular  fares  of  five  cents 
per  trip  were  collected,  the  car  would 
carry  four  or  five  children  and  three 
youths  of  18  to  20  years  old. 


STATIC  ELECTRICITY  AND  ITS  APPLICATION  TO 
A  SIMPLE  WIRELESS  TELEGRAPH  SYSTEM. 


BY  WILLIAM   STRAHL. 


"Static  electricity,"  is  the  name  given 
to  electric  charges  originating  from  fric- 
tion between  two  bodies,  consequently 
sometimes  called  "frictional  electricity." 
It  is,  electrically  speaking,  of  a  very  high 
voltage,  with  a  very  small  amperage, 
and  unlike  "current  electricity,"  does 
not  require  a  complete  circuit  before  be- 
ing capable  of  doing  work.  It  is  some- 
times spoken  of  as  electricity  at  rest, 
"bound  electricit),"  showing  its  exist- 
ence by  its  attracting  and  repelling  pow- 
er over  light  bodies. 

Rubber,  sealing  wax,  sulphur,  glass, 
shellac  and  rosin  briskly  rubbed  with  a 
piece  of  cloth  or  silk,  are  producers  of 
static  electricity.  When  a  very  large 
amount  is  required  frictional  machines, 
like  the  Wimshurst  and  Holtz  are  neces- 
sary. 


If  a  charged  rod  of  rubber  or  sealing 
wax  is  brought  near  a  pith  ball  suspend- 
ed by  a  silk  thread  as  shown  in  Fig.  i. 
known  as  electric  pendulum,  the  pith  ball 
is  immediately  attracted,  but  soon  re- 
pelled. If  the  hand  is  brought  near,  the 
ball  will  be  attracted  to  the  hand.  The 
body  then  receives  the  charge  and  al- 
lows it  to  escape  to  the  earth. 

Suspend  three  pith  balls  in  the  same 
manner  and  touch  them  with  an  electri- 
fied or  charged  rod.  The  rod  repels  the 
balls  and  the  balls  repel  each  other,  hold- 
ing their  own  respective  distances  from 
their  neighbors;  like  repelling  and  un- 
like attracting. 

The  high  voltage  or  pressure,  some- 
times called  electromotive  force  |  E.  M. 
F.)  of  static  electricity  makes  ii  very 
hard  to  insulate  from  the  earth.     Insula- 
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tors  for  ordinary  current  electricity  ut- 
terly fail  for  this  purpose. 

Testing-  insulators  of  extra  high  re- 
sistance is  usually  done  with  induction 
coils  of  various  spark  lengths.  The  re- 
sults are  not  figured  in  ohms  (which  is 
an  electrical  unit  of  resistance)  but  rated 
at  their  safe  voltage  carrying  capacity. 


FIG.    1.     THE  ELECTRIC  PENDULUM. 

To  do  away  with  expensive  induction 
coils,  however,  any  one  can  test  an  in- 
sulator, quicker  and  cheaper  by  using  an 


The  instrument  is  electrified  and  made 
ready  for  testing  by  passing  a  charged 
rod  along  its  surface  backward  and  for- 


FIG. 


ELECTRICAL  INFLUENCE  INSTRU- 
MENT. 


ward  several  times,  turning  right  and 
left.  This  is  necessary,  as  the  electricity 
coes  not  pass  off  all  at  once  but  remains 


FIG.    3.      ELECTRO-STATIC   WIRELESS    TRANSMITTING   STATION. 
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FIG.    4.     ELECTRO-STATIC  WIRELESS    RECEIVING   STATION. 


electric  influence,  or  "induction"  instru- 
ment as  shown  in  Fig.  2. 

A  cylinder  (a)  holds  the  electric 
charge.  (a')  shows  how  the  static 
charge  distributes   itself  on  the  surface. 

(B)  is  the.  insulator,   (D)  and  (D')  are 
pith  balls  in  normal  position.      (C)   and 

(C)  are    pith    balls    repelled    from    the 
cylinder  under  static  influence. 


en  in  small  charges.  The  pith  balls  are 
first  attracted  to  the  cylinder,  then  re- 
pelled. After  they  have  reached  a  dist- 
ance of  about  one-half  inch  or  more,  the 
insulator  is  ready  to  be  tested. 

Hold  the  insulator  or  material  to  be 
tested  in  the  hand  as  shown  in  Fig.  2  and 
slightly  touch  the  cylinder  in  the  center 
(a),   keeping    a    sharp    lookout   on  the 
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pith  balls.  If  the  insulator  fails,  the  pith 
balls  will  immediately  or  gradually  col- 
lapse, depending  upon  the  nature  of  the 
material  as  regards  its  insulating  quali- 
ties. The  reason  the  balls  collapse  is 
because  the  charge  leaks  through  the 
insulator  being  tested,  to  the  hand,  and 
thence  to  earth. 

If  the  pith  balls  continue  holding  their 
position  the  Insulator  is  all  right  and  can 
be  used  successfully  for  insulating  pur- 
poses of  any  kind.  Sealing  wax,  which 
is  a  good  insulator,  and  wire  which  is 
a  bad  insulator,  should  be  first  used  as 
trial  iisulators  to  get  the  extreme  ac- 
tion of  the  pith  balls.  From  these  ob- 
servations it  is  possible  to  determine  ap- 
proximately the  relative  insulating  values 
of  various  substances. 

Now  as  we  have  covered  the  nature  of 
static  electricity,  and  how  to  insulate  it 
from  the  earth  successfully,  we  are  in  a 
position  to  apply  the  principle  to  a  wire- 
less telegraph  outfit. 

Fig.  3  shows  the  sending  or  transmit- 
ting station.  (A)  is  a  static  machine 
connected  to  wires  or  rods  (B),  the  ends 
of  which  are  soldered  to  lead  balls  (wire 
with  ends  free  from  points  will  answer 
the  purpose).  (C)  is  the  spark  which 
produce^  wireless  waves.  (D)  are  in- 
sulators, made  of  sealing  wax,  support- 
ing and  insulating  the  wires  (B)  from 
the  earth. 

The  receiving  station,  Fig.  4,  has  one 
wire  or  rod  (B)  instead  of  two.  Insula- 
tors and  supports  (D)  are  the  same  as 
in  Fig.  3.  The  electric  chimes  act  as  a 
receiving  detector  or  coherer,  and  con- 
sist of  a  metal  ball  (E)  suspended  and 
insulated  by  a  silk  thread  marked  (F), 
and  adjusted  so  as  to  have  free  play  be- 
tween the  gong  and  receiving  wire  or 
antenna. 

The  wires  should  be  as  long  as  pos- 
sible and  parallel  to  each  other,  with 
the  receiving  antenna  the  same  length  as 
the  two  sending  ones. 

At  the  start,  the  distance  between  the 
receiving  and  sending  stations  should  be 
iibout  one  foot. 

The  electric  waves  generated  at  the 
spark  (C),  Fig.  3.  (ravel  along  the 
wires  or  antenna  (B),  where  they  are 
increased  in  length.  Then  they  spread 
in  all   directions,  just   as  if  you   dropped 


a  pebble  in  a  smooth  sheet  of  water  caus- 
ing waves  to  emerge  from  the  center  of 
disturbance. 

The  antenna  (B),  Fig.  4,  catches  these 
waves,  but  it  being  insulated  from  the 
earth  the  waves  can  only  escape  by  at- 
tracting the  metal  ball  (E)  which  acts 
as  a  "proof  plane."  The  ball  is  first  at- 
tracted to  the  antenna    (B),  receives   a 


FIG.  5.  FOIL  ELEC-  FIG.  6.  ARROW  ELEC- 
TROSCOPE. TROSCOPE. 

charge  of  like  current,  is  repelled  from 
tB)  and  at  the  same  time  attracted  to 
gong  (G),  which  is  electrically  connect- 
ed to  the  ground  or  earth.  Upon  losing 
its  charge,  the  ball  is  again  attracted  to 
(B)  and  the  same  movement  continues 
until  all  energy  is  consumed. 

The  distance  should  be  gradually  in- 
creased until  the  sound  of  the  bell  be- 
comes faint  or  its  action  irregular. 

Another  detector  which  may  be  used 
is  the  "foil  electroscope"  as  shown  in 
Fig.  5.  This  consists  of  two  delicate 
pieces  of  tin  foil  or  gold  leaf  hung  from 
an  insulator.  Place  the  wire  or  antenna 
over  the  top  of  the  instrument.  The 
presence  of  the  waves  is  indicated  by 
the  expansion  of  the  leaves.  Collapse 
the  leaves  by  touching  the  top  of  the  in- 
strument lightly  with  hand,  and  con- 
tinue to  increase  the   distance. 

Next  use  the  "arrow  electroscope" 
and  place  in  the  same  manner  as  shown 
in  Fig.  6.  This  arrow  is  very  sensitive 
and  will  indicate  the  presence  of  charges 
too  feeble  to  he  seen  by  other  instru- 
ments. 

The  chimes,  foil  and  arrow  electro- 
scope, all  take  the  (Mace  oi  what  are 
known  in  wireless  telegraphy  as  coher- 
ers, which  are  nothing  more  than  detec- 
lors  of  electric  waves.  There  are  far 
more  sensitive  coherers  than  these,  in- 
volving delicate  apparatus,  hut  the  above 
devices  are  both  instructive  and  amusing 
for  purposes  oi  expenment 
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CONSTRUCTION    OF  A    SIMPLE    MICRO- 
PHONE. 

A  very  simple  piece  of  electrical  ap- 
paratus is  the  microphone.  It  can  be 
put  to  a  number  of  uses,  and  when  well 
constructed  offers  quite  a  lot  of  amuse- 
ment. Two  common  worn  out  dry  cells, 
a  standard  size  cigar  box,  a  telephone 
receiver  and  two  binding  posts  are 
needed. 

The   dry   cells   are   split   open   with   a 
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FIG.   1.      SIMPLE  MICROPHONE. 

hatchet  and  the  carbon  rod  taken  out. 
Two  carbon  blocks  are  filed  out  of  the 
rods  with  a  rasp  file.  The  size  of  the 
blocks  should  be  i  by  I  by  %  inch.  In 
some  makes  of  cells  the  rods  are  already 
square  and  in  this  case  the  filing  will  not 
be  necessary  as  the  exact  size  given  here 
need  not  be  followed.  Lengthwise  of 
each  block  is  drilled  a  ^-inch  hole  and 
%_  -inch  from  the  ends  a  small  V-shaped 
nick  is  made  with  the  file.  The  blocks 
are  now  mounted  on  the  cigar  box  three 
inches  apart,  with  the  V-shaped  nicks 
facing  each  other.  A  binding  post  is  run 
through  the  block  and  the  base  of  the 
cigar  box  and  screwed  down  as  shown  in 

Fi£-  I- 
The  remaining  carbon  is  filed  to  the 

shape  as  shown  at  (B)  Fig.  2,  and  is  ^4- 

inch    thick    in    the    center    and    ^-inch 

wide,   terminating   in   the   points   which 

rest  in  the  nicks  of  the  mounted  blocks. 

This  piece  should  fit  loosely  in  the  nicks. 

Connecting  wires  are  now  run  from 
the  bottom  of  the  screws  which  hold 
down  the  carbon  blocks  to  the  binding 
posts. 

One  cell  of  the  battery  is  connected  in 
series  with  a  telephone  receiver  and  mi- 
crophone as  shown  in  the  plan,  Fig.  2. 
On  placing  the  telephone  receiver  to  the 
ear  a  continuous  buzzing  will  be  heard. 
If  not,  continue  adjusting  the  middle 
carbon  until  the  sound  is  heard  plainly  in 
the  receiver.  When  the  adjustment  has 
been  properly  made  the  ticking  of  a 
watch  or  even  the  walking  of  a  fly  can 
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2.      DIAGRAM    FOR    CONNECTING    UP 
THE  MICROPHONE. 


be  heard.  Talking  in  the  same  room  and 
outside  noises  can  also  be  plainly  distin- 
guished. 


A  GOOD    GROUND   CONNECTION. 

The  amateur  often  experiences  trou- 
ble in  connecting  and  soldering  heavy 
wires  to  gas  or  water  pipes.  A  good 
ground  connection  for  wireless  work  can 
be  made  by  cutting  two  pieces  from  a 
sheet  of  copper  or  brass,  the  shape  shown 
in  the  illustration,  the  size  of  which  de- 
pends on  the  diameter  of  the  pipe.  Two 
holes    are    drilled    in    each    piece    large 
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DIAGRAM    OF   GROUND    CONNECTION. 

enough  to  receive  two  binding  posts  of 
an  old  dry  battery. 

The  pipe  is  first  cleaned  with  emery 
cloth  and  a  layer  of  tin  foil  is  wrapped 
around  the  cleaned  surface.  The  con- 
nector is  then  put  on  and  the  nuts 
screwed  down  tight  with  the  wire  at- 
tached at  one  end.  This  method  does 
away  with  soldering  and  poor  connection. 


QUESTIONS  AND  ANSWERS. 

Readers  of  Popular  Electricity  are  invited  to  make  free  use  of  this  department. 
Knowledge  on  any  subject  is  gained  by  asking  questions,  and  nearly  every  one  has  some 
question  he  would  like  to  ask  concerning  electricity.  These  questions  and  answers  will  be 
of  interest  and  benefit  to  many  besides  the  one  directly  concerned.  No  consideration 
will  be  given  to  communications  that  do  not  contain  the  full  name  and  address  of  the 
writer. 


CONNECTION  OF  MAGNETO  TELEPHONES. 

Question. — Please  publish  in  your  Question 
and  Answer  department  how  to  connect  two 
telephones  using  magnetos  for  ringing  the 
bells,  using  three  wires.  Please  give  diagrams. 
— F.  H.,  San  Francisco,  Cal. 


Irations  (T)  is  the  transmitter,  (R)  the 
receiver,  (M)  the  magneto  generator, 
(S)  the  switchhook,  (C)  the  induction 
coil,  (B)  the  battery,  (D)  the  ringer,  or 
bell,  and  (L,  L')  the.  line  wires. 


c 
VW\A 


S  A 


c 
WW 


mr 


M 


<x> 


r^nr 


FIG.    1.      CONNECTION   OF   "SERIES"    TELEPHONES. 
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FIG.    2.      CONNECTION    OF   •BRinciXG"    TK1.KIM  IOXKS. 


Answer. — Your  reference  to  three 
wires  is  not  quite  clear.  For  the  ordi- 
nary purposes  of  telephonic  communica- 
tion two  wires  arc  sufficient  For  both 
ringing  and  talking.  Fig.  i  shows  the 
connections  of  two  "scries"  telephones, 
and  Fig.  2  gives  the  arrangemenl  for 
"bridging"    telephones.      In    both    illus- 


CONNECTION  OF  BRIDGING  TELEPHONES. 

Question.    Please  tell  me  how  1  could  con- 
nect three  bridging  telephones  of  the  mac 
type,  using  three  wires.     M.  F.  11..  San  Fi 
cisco,  Cal. 

Answer.      The  answer  to  F.  11.  in  this 
number    of    Popular    Electricity    sh 
lunv  to  connect  two  such  telephones 
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third    would    simply    be    bridged    across 
the  line  at  any  intermediate  point. 


TRANSFORMER        DESIGN;        INDUCTION 
COIL;    ELECTROLYTIC  INTERRUPTER. 

Question, —  (A)  Kindly  give  measurements 
for  a  transformer  to  operate  on  a  127  volt,  60 
cycle  circuit,  10  amperes.  I  want  to  use  it  to 
step  up  to  100  times  the  primary  potential. 

(B)  Why  is  it  that  an  induction  coil  cannot 
be  used  on  an  alternating  circuit? 

(C)  Can  you  give  directions  for  an  electro- 
lytic interrupter  for  a  four  inch  spark  coil? — 
A  Reader. 

Answer. —  (A)  For  a  core  type  trans- 
former, two  coils  each  six  inches  long 
wound  on  a  form  three  inches  square. 
Primary,  500  turns  of  No.  11  wire,  250 
turns  to  each  coil.  Secondary,  50,000 
turns  of  Xo.  31  wire,  25,000  turns  to 
each  coil.  Core  of  sheet  iron,  three 
inches   square.     Each  layer  of  the   sec- 
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ELECTROLYTIC  INTERRUPTER. 

ondary  winding  must  be  separately  in- 
sulated. It  s  perhaps  unnecessary  to 
point  out  that  the  secondary  current 
from  such  a  transformer  would  be  fatal, 
and  its  use  for  experimental  purposes  is 
not  recommended. 

(B)   The  induction  coil  is  quite  ineffi- 
cient as  a  transformer,  owing  to  the  open 


magnetic  circuit.  It  owes  its  value  as  a 
direct  current  machine  to  the  self  in- 
duction of  the  primary  winding,  the  dis- 
charge of  the  condenser,  and  the  quick 
break  of  the  interrupter.  None  of  these 
conditions  can  be  met  with  alternating 
current. 

(C)  Into  a  glass  jar  or  wide  mouth 
bottle  rather  less  than  quart  size  put  a 
strip  of  thin  sheet  lead  the  length  of  the 
jar.  A  length  of  ^-inch  glass  tube  has 
an  inch  of  one  end  bent  at  right  angles, 
and  into  this  bent  end  is  fused  a  half 
inch  of  fine  platinum  wire,  so  that  just 
the  tip  of  the  wire  protrudes  beyond  the 
glass  (see  cut).  The  tube  is  then  filled 
with  mercury,  and  lowered  into  the  jar 
in  such  a  position  that  the  platinum  tip 
is  near  the  lead  plate.  Both  the  plate 
and  the  tube  are  fastened  to  the  cover  of 
the  jar,  and  the  space  between  the  lead 
and  platinum  may -be  roughly  adjusted 
bv  turning  the  tube.  Of  course  connec- 
tions are  made  by  clamping  a  wire  to 
the  lead,  and  dipping  another  wire  into 
the  mercury.  The  jar  is  then  three- 
nuarters  filled  with  dilute  sulphuric  acid, 
In  the  proportion  of  four  parts  of  water 
to  one  of  acid.  At  least  40  volts  should 
be  used  for  satisfactory  working  of  the 
interrupter.  A  coil  operated  with  a 
Wehnelt  interrupter  needs  no  condenser. 


OPERATION  OF  20  OHM  SOUNDERS. 

Question. — Would  two  300  ohm  relavs  be  of 
any  service  to  a  line  1000  feet  long  using  two 
20  ohm  sounders  with  No.  14  gauge  wire  for 
one  line  and  the  water  pipes  for  the  other 
line?— C.  V.  V.  T..  Helena.  Ark. 

Answer. — No.  The  total  number  of 
battery  cells  required  for  the  relays  and 
the  local  circuits  would  not  effect  any 
saving  over  the  number  used  on  the 
straight  line ;  and  the  line  is  so  short 
that  your  transmission  should  be  satis- 
factorv  without  relavs. 


REWINDING   FAN   MOTOR. 

Question,— I  have  a  General  Electric  100 
volt,  133  cycle  fan  motor;  it  has  10  poles 
wound  with  Xo.  23  gauge  wire  and  measures 
11  ohms.  What  change  will  I  have  to  make, 
so  it  will  work  on  a  60  cycle  current? — C.  R., 
Logansport.  Ind. 

Answer — The  answer  to  J.  E.  D.  in 
the  December  number  of  Popular  Elec- 
tricity covers  this  question. 
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A  HOME  MADE  BATTERY. 

Question. — I  have  been  taking  Popular 
Electricity  for  four  months  and  find  it  very 
instructive,  particularly  the  Questions  and  An- 
swers pages.  I  would  be  very  much  obliged  if 
you  would  tell  me  how  to  make  a  good  cell 
for  experimenting.  I  would  like  it  to  be  of 
good  strength  and  capacity. — J.  D.  M.,  San 
Francisco,  Cal. 

Answer — Procure  one  zinc  and  two 
carbon  plates,  all  eight  inches  long,  four 
inches  wide  and  y.  inch  thick.  Make 
a  clamp  of  wood  which  has  been  soaked 
in  paraffine,  and  fasten  one  end  of  the 
plates  in  it  as  shown  in  the  illustration 


across  the  top  of  the  plate.  The  two 
carbon  plates  are  connected  together  to 
one  wire;  the  zinc  is  connected  to  the 
other  wire.  The  plates  are  now  hung 
in  a  glass  jar  six  by  eight  inches,  the 
wood  clamp  resting  across  the  top.  The 
solution  for  this  cell  is  made  by  dis- 
solving a  pound  of  sodium  bichromate 
in  a  gallon  of  water,  and  adding  slow- 
ly a  pound  of  strong  sulphuric  acid. 
This  cell  gives  two  volts  and  a  large 
current.  When  it  begins  to  show  signs 
of  exhaustion  add  a  little  more  acid. 
Some  arrangement  should  be  made  for 
drawing  the  plates  out  of  the  solution 
when  not  in  use,  and  hanging  them  just 
above  the  jar. 


WATCH  DEMAGNETlZtR. 

Question. — I  have  a  watch  that  is  magne- 
tized and  would  like  to  know  of  a  way  to  de- 
magnetize it.  I  have  taken  it  to  a  jeweler  and 
he  said  it  was  very  bad  and  he  could  not  do 
much  with  it.  I  have  a  magneto  but  want  to 
know  how  to  wind  a  coil  for  it. — J.  S.,  Chi- 
cago, 111. 

Answer. — We  suppose  your  magneto 
is  an  ordinary  telephone  generator,   de- 
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\\  ATCH    DEMAGNETIZE!*. 


— the  zinc  plate  between  the  two  car- 
bons. The  wood  strips  of  the  clamp  arc 
each  seven  inches  long;  the  outer  strips 
are  one  inch  square,  the  inner  two  arc 
one  by  y$  inch.  Four  inch  bolts  at  the 
ends  of  the  clamp  hold  it  together.  Be- 
fore screwing  together,  lay  a  piece  of 
heavy  copper  wire  under  the  clamp  and 


livering  alternating  current.  Make  a 
cardboard  frame  a  few  inches  long,  and 
large     enough     to     enclose     the     watch. 

Probably  the  sliding  cover  pi  a  match 

box   will   do   nicely.      Around   Lie   center 
of  this  wind  about  two  ounces         N 
28  cm  ton  covered  copper  wire.     Connect 
the  ends  of  the  winding  to  the  magneto. 
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insert  the  watch  in  the  box,  and  turn  the 
generator  crank  vigorously  for  a  few 
minutes.  Only  alternating  current 
should  be  used  with  this  device  and  such 
current  is  generated  by  your  magneto. 


which  appeared  in  the  first  five  issues  of 
Popular  Electricity,  is  authority  on 
this  subject.  We  would  recommend  that 
you   correspond  with  him. 


HORSE-SHOE    MAGNETS. 

Question. — (A)  What  mode  is  best  for  thor- 
oughly magnetizing  horse-shoe  magnets  per- 
manently ? 

(B)  What  pull  should  twelve  horse-shoe 
magnets  XA  by  W2  by  7  inches  laminated  exert 
on  a  piece  of  soft  steel  x/4  by  3  inches,  1% 
inches  away  from  the  poles? 
-  (C)  What  steel,  temper  and  form  give  best 
results?— C.  F.  S.,  Cleveland,  Ohio. 

Answer. —  (A)  The  best  method  of 
magnetizing  steel  magnets  of  any  form 
is  to  stroke  the  end  which  is  desired  as 
the  north  pole  with  the  south  pole  of  a 
powerful  electromagnet,  stroking  the  op- 
posite end  of  the  .  steel  with  the  north 
pole  of  the  electromagnet.  Each  stroke 
should  begin  near  the  center  of  the  steel 
and  be  carried  to  the  extreme  end.  An- 
other way  is  to  wind  the  steel  bar  with  a 
coil  of  insulated  wire  and  pass  direct 
current  through  the  wire.  When  the 
current  is  turned  off,  the  steel  retains  its 
magnetism. 

(B)  The  power  of  permanent  mag- 
nets varies  in  each  case  with  the  steel,  its 
temper  and  magnetism.  The  attraction 
varies  as  the  cube  of  the  distance;  and 
the  pull  at  i1/  inches  would  be  very 
slight,  indeed. 

(C)  Thin  bars,  either  straight  or 
"horse-shoe,"  of  a  fine  grained  steel, 
uniformly  tempered  a  straw  color,  give 
the  best  results. 


WIRELESS   TELEPHONY. 

Question. — Will  you  explain  how  to  make  a 
simple  wireless  telephone  transmitting  outfit? 
—A.  M.,  Natchez,  Miss. 

Ansiuer. — This  question  is  too  broad 
to  take  up  in  this  department  at  the 
present  time.  The  numerous  investiga- 
tors along  this  line  are  carrying  on  work 
secretly  and  have  given  out  very  little 
matter  for  publication.  The  DeForest 
system  which  employs  the  arc  lamp  for 
an  oscillator  was  described  in  the  July 
issue  of  this  magazine.  By  referring  to 
this  number  you  can  get  some  informa- 
tion which  may  be  of  value.  V.  H. 
Laughter,  of  Byhalia,  Miss.,  author  of 
"Wireless    Telegraphy    Made    Simple," 


SECONDARY  OF  SPARK  COIL. 

Questions. —  (A)  Why  is  the  secondary  of 
the  spark  coil  divided  up  in  sections?  (B) 
What  would  the  diameter  of  the  sections  be? 
(C)  What  style  of  interrupter  would  you  rec- 
ommend?— R.  H.  F.,  Batavia,  111. 

Answers. —  (A)  The  winding  of  the 
coil  in  sections  is  necessary,  as  otherwise 
the  current  induced  in  the  secondary 
which  runs  up  in  the  thousands  of  volts, 
would  seek  the  path  of  the  lowest  resist- 
ance which  would  be  directly  across  the 
winding.  What  is  technically  known  as 
a  "breakdown"  would  then  occur  and  a 
complete  rewinding  of  the  secondary 
would  be  necessary.  In  order  to  prevent 
this  "breakdown"  the  secondary  is  divid- 
ed up  in  sections  and  the  total  number 
connected  continuously.  Each  section 
will  carry  it's  individual  load  and  deliver 
to  the  secondary  terminals.  For  moie  in- 
formation concerning  this  point  refer  to 
the  answer  to  D.  H.  in  this  issue. 

(B)  The  approximate  diameter  of  the 
sections  will  be  3%  inches.  This  dist- 
ance will  vary,  however,  with  the  amount 
of  insulation  used. 

(C)  For  a  coil  of  this  type  we  would 
recommend  a  good  adjustable  vibrator  of 
the  "make  and  break"  type. 


FOUR  INCH  JUMP  SPARK  COIL. 

Question. — What  amount  and  size  of  wire 
should  be  used  in  the  construction  of  a  four 
inch  jump  spark  coil,  and  give  illustration  of 
how  it  should  be  wound? — R.  R.  A.,  Alham- 
bra,  Cal. 

Answer.— See  answer  (B)  to  G.  S.  in 
the  November  number  of  Popular 
Electricity.  A  diagram  showing  the 
method  of  winding  is  given  in  the  same 
issue,  in  the  article  "Construction  of  a 
Two-Mile  Wireless  Outfit." 


WIRELESS  TELEPHONE. 

Question. — What  apparatus  would  be  neces- 
sary to  work  up  to  one  mile.  The  lengthy  of 
aerial,  coils,  etc.  The  above  questions  applying 
to  a  wireless  telephone  outfit? — H.  M.,  Roch- 
ester, N.  Y. 

Answer. — We  refer  you  to  the  answer 
to  A.  M.  in  this  issue. 
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SPARK  COIL. 

Questions. —  (A)  In  using  a  %-inch  spark 
coil  for  sending  wireless  messages  I  get  a  good 
spark  without  the  aerial  and  ground,  but  as 
soon  as  the  switch  connecting  the  aerial  and 
ground  is  thrown  in  I  can  hardly  get  an  %-inch 
spark.  My  aerial  is  well  insulated  to  prevent 
undue  leakage.  Will  you  explain  where  the 
trouble  lies?  (B)  How  many  dry  cells  should 
be  used  for  the  above  coil?  (C)  Are  dry  cells 
practical  for  this  use? — D.  H.,  New  Brighton. 
N.  Y. 

Answers. —  (A)  The  reduction  of  the 
spark  in  the  case  you  mention  is  a  very 
common  occurrence  when  the  small  size 
coil  is  used.  With  the  aerial  and  ground 
connected  to  the  opposite  sides  of  the 
gap,  the  greater  portion  of  the  energy  is 
dissipated  at  these  two  extremities,  and 
in  consequence  the  spark  across  the  gap 
is  reduced.  To  remedy  the  trouble  re- 
duce the  spark  gap  to  at  least  %  inch  and 
bridge  two'  small  Ley  den  jars  across  the 
circuit.  This  will  make  the  spark  fat  and 
heavy. 

(B)  Four  to  six  cells  should  operate 
the  coil. 

(C)  Yes. 


SPARK  COIL   DIMENSIONS. 

Questions. —  (A)  Please  give  the  dimensions 
of  a  two-inch  induction  coil  for  wireless  tel- 
egraphy and  explain  how  to  wind  it,  also  what 
is  meant  by  the  secondary  sections  and  how  to 
go  about  winding  them ;  also  the  sizes  of  wire 
necessary  to  use.  (B)  Please  advise  if  this 
coil  will  send  up  two  miles,  employing  at  the 
receiving  end  a  150  ohm  standard  relay  in 
connection  with  the  coherer.  (C)  Would  the 
transformer  take  the  place  of  the  two  inch 
spark  coil,  if  so,  would  it  be  cheaper  and  could 
it  be  home-made  and  about  what  is  the  price 
of  one?— H.  O.  W.,  Scott,  Kan. 

Answers. —  (A)  By  referring  to  the 
November,  '08,  issue  you  will  find  the 
exact  dimensions  and  all  constructional 
details  given  for  a  two  inch  wireless  coil 
in  the  article  "A  Two  Mile  Wireless 
Outfit."  It  would  be  impossible  here,  to 
give  a  complete  description  of  the  meth- 
od for  winding  the  sections  and  of  the 
section  former.  However,  the  secondary 
is  simply  one  portion  of  the  total  second- 
ary winding.  For  instance,  the  second- 
ary which  is  described  in  the  above  men- 
tioned article  contains  16  sections,  the  16 
sections  holding  the  three  pounds  of 
wire,  or  three  ounces  to  the  section.  To 
wind  the  sections  a  spool  is  first  made 
with  movable  brass  plates  for  sides  and 
a  central  wood  disk  of  the  exact  diameter 


of  the  insulating  tube.  This  central  disk 
is  of  the  desired  width  of  the  sections. 
The  sections  should  be  wound  opposite 
to  one  another,  that  is,  the  first  section 
can  be  wound  with  the  end  of  the  mag- 
net wire  leading  out  to  the  right  hand 
side,  and  by  turning  the  section  former 
or  spool  around,  the  second  termination 
of  the  winding  will  be  at  the  left  hand 
side.  This  plan  is  followed  throughout 
the  total  number,  and  is  necessary  in  or- 
der to  make  the  ends  of  the  sections  co- 
incide when  connecting  up  the  total  num- 
ber. 

(B)  The  coil  will  send  up  to  the  dist- 
ance you  name. 

(C)  The  transformer  will  take  the 
place  of  the  two  inch  induction  coil  and 
is  recommended  wherever  possible. 
There  is  very  little  difference  in  the  price 
as  you  can  get  a  250  watt  transformer 
for  about  $30.00  and  the  finished  induc- 
tion coil  would  cost  fully  this  much.  We 
would  not  recommend  a  homemade 
transformer. 


DESIGN  OF  A  SMALL  WIRELESS  SET. 

Questions. —  (A)  What  size  induction  coil 
will  be  necessary  to  send  up  to  four  or  five 
miles?  (B)  What  power  dynamo  will  be 
needed  to  operate  the  coil?  (C)  Would  the 
power  obtained  from  a  water  motor  on  a 
faucet  in  a  city  house  be  powerful  enough  to 
run  the  dynamo?  (D)  A  relay  of  how  many 
ohms  will  be  necessary?  (E)  What  size  wire 
would  be  best  for  wiring  the  outfit? — M.  K. 
R.,  Philadelphia,  Pa. 

Answers. —  (A)  As  an  estimate  we 
would  say  that  a  three-inch  induction 
coil  would  cover  the  distance  named. 

(B)  The  dynamo  is  not  a  necessary 
piece  of  apparatus.  Dry  cells  can  be  used 
to  operate  the  coil  and  are  recommended 
as  being  cheaper  and  easier  to  handle. 

(C)  Water  motors  and  dynamos  are 
built  to  work  in  conjunction  with  one  an- 
other by  a  number  of  manufacturers,  and 
we  would  advise  you  to  write  them  di- 
rect as  they  can  give  you  a  much  better 
answer. 

(D)  For  a  distance  of  five  miles  the 
150  ohm  relay  will  answer.  For  better 
results,  however,  we  would  recommend 
1  mo  polarized  relay  as  described  on  page 
iSS  of  the  July  issue. 

(E)  Almost  any  size  you  have  on 
hand  will  answer  for  wiring  the  instru- 
ments. Xo.  [6  or  tS  annunciator  is  usu- 
ally employed. 


NEW    ELECTRICAL    INVENTIONS 


SOIL  TREATMENT  BY  WIRELESS  WAVES. 

Probably  the  most  unique  system  yet 
devised  for  increasing  plant  growth  by 
electricity  has  just  been  patented  in  this 
country  by  Porfirio  Diaz  of  Mexico, 
Mex.  The  utilization  of  high  voltage, 
high  frequency  current  is  known  to  ef- 
fect the  assimilation  by  plants  of  atmos- 
pheric nitrogen.  To  effect  this  result  Mr. 
Diaz  uses-  Hertzian  waves  (the  ether 
waves  by  which  wireless  telegraphy  is  ac- 
complished) in  a  novel  way. 

In  the  middle  of  the  field  he  sets  up  a 


SOIL   TREATMENT   BY   WIRELESS. 

wireless  transmitter  somewhat  similar  to 
a  wireless  telegraph  transmitter.  This 
instrument  projects  the  high  frequency 
waves  out  in  all  directions.  He  also  pro- 
vides a  parabolic  reflector  for  the  pur- 
pose of  concentrating  these  waves  at  any 
point.  This  reflector  is  also  a  product  of 
experiments  by  other  inventors  in  wire- 
less telegraphy  and  it  serves  to  concen- 
trate the  ether  waves  into  a  "beam"  the 
same  as  a  searchlight  reflector  converges 
light  waves. 

At  different  points  about  the  field 
aerial  grounded  wires  are  erected  as  in 
wireless  telegraphy  and  the  operator  di- 
rects his  "beam"  of  high  frequency  wire- 
less waves  on  first  one  and  then  another 
of  these  aerials.  The  waves  are  thus  di- 
rected to  the  earth  at  numerous  points 
about  the  field  causing,  it  is  said,  the 
nitrogen  component  in  the  air  to  combine 
with  the  potash,  soda  and  lime  in  the  soil 
to  form  nitrates,  which  are  very  neces- 
sary to  plant  growth. 


ELECTROFLAT1NG  ON  GLASS. 

In  the  manufacture  of  various  articles 
that  are  silvered,  it  is  advisable  to  deposit 
a  protective  coating  of  copper  over  the 
film  of  silver  to  protect  the  latter.  One 
example  is  in  the  manufacture  of  certain 


FIG.   1.     ELECTROPLATING   ON  GLASS. 

kinds  of  incandescent  electric  light  globes 
in  which  the  upper  half  of  the  globe 
forms  a  silvered  reflector.  John  A.  Yunck 
of  South  Orange,  N.  ].,  has  patented 
such  a  system  as  shown  in  the  diagrams. 


FIG.  2.     ARRANGEMENT  FOR  ELECTRO- 
PLATING LAMP  BULB. 

He  makes  the  lamp  (Fig.  i)  with  its 
silvered  top  one  electrode  in  the  plating 
bath,  it  being  supported  in  the  bath  from 
the   cathode   wire   as   shown  in   Fig.   2. 
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Over  this  is  a  canopy  of  solid  copper 
which  is  connected  to  the  anode  wire,  but 
which  of  course  does  not  touch  the  ca- 
thode. A  plating  solution  of  copper 
sulphate  is  used  and  when  the  current  is 
turned  on  the  copper  deposits  from  the 
canopy  shaped  anode,  evenly  over  the  top 
of  the  globe  on  the  silvered  portion. 

ELECTRIC     PROTECTION    AGAINST   THE 
TEREDO. 

In  certain  localities  where  piles  and 
other  woodwork  are  submerged  in  sea 
water  the  teredo  worm  and  other  forms 
of  animal  life  attack  the  wood  and  de- 
stroy it  in  a  very  short  time.  The  object 
of  an  invention  recently  patented  by  Wil- 
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ELECTRIC    PROTECTIVE    DEVICE. 

Ham  Howe  of  Seattle,  Wash.,  is  to  pre- 
vent this  destruction  by  electric  means. 
His  method  is  to  connect  the  two  termin- 
als of  a  source  of  current  to  the  two  ex- 
tremities of  the  pile  as  shown  in  the  cut. 
The  wood  impregnated  with  salt  water 
forms  a  conductor  and  the  current  flows 
through. 

It  has  been  proved  by  experiment  that 
teredos  which  have  infected  the  pile  will 
die  when  subjected  to  a  high  amperage 
and  voltage  in  the  manner  shown,  either 
by  the  heat  or  by  the  electric  current.  The 
water  around  the  pile  is  heated  and  the 
saturated  wood  which  may  be  perforated 
or  eaten  by  the  teredo  probably  attains  a 
greater  heat  than  the  surrounding  water, 
thus  killing  the  teredo. 


ELECTRICALLY  OPERATED  CAMERA  FOR 
SUBMARINE    PHOTOGRAPHY. 

An  interesting  apparatus  for  taking 
photographs  at  great  depths  of  water,  the 
invention  of  Louis  E.  Walkins,  Brock- 
ton, Mass.,  is  shown  in  the  diagram.  As 
seen  in  the  upper  half  of  the  cut  there  is 
a  casing  of  steel  and  glass  containing  the 
electrodes  of  an  arc  lamp.  The  conduc- 
tors feeding  the  arc  lamp  pass  down  from 
the  boat  on  the    surface    through    two 
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tubes  which  also  bring  air  into  and  out 
of  the  casing. 

The  spherical  end  of  the  casing  is  of 
glass  and  is  held  up  against  the  hull  of  a 
ship  or  other  submerged  object  as  snown 
in  the  lower  half  of  the  illustration. 

Two  arms  extend  out  from  the  casing 
as  shown  and  carry  small  water  tight 
camera  cases,  the  exposure  of  the  plates 
being  made  through  glass  lenses.  The 
operation  of  the  shutter  and  of  the  plate 
magazine  is  accomplished  by  a  simple 
electromagnetic  device  controlled  by 
wires   from  above. 

It  is  not  essential  that  an  arc  lamp  be 
used,  as  any  other  powerful  electrical 
illuminant  will  serve,  tor  example  a  new 
type  of  mercury  vapor  lamp  recently  per- 
fected bv  this  same  inventor. 


BOOK  REVIEWS. 


Harper's  Electricity  Book  for  Boys.  Part 
I.  By  Joseph  H.  Adams.  .  New  York :  Har- 
per &  Brothers.  1907.  407  pages,  with  274 
illustrations.     Price,  $1.75. 

What  active  and  intelligent  boy  does 
not  have  a  new  world  opened  to  him  the 
moment  he  begins  to  experiment  with 
electricity?  There  is  just  enough  of  the 
mysterious  to  arouse  his  desire  for  dis- 
covery, and  ample  opportunity  is  present- 
ed to  satisfy  his  desire  for  constructive 
work.  The  ''Electricity  Book"  is  one 
that  he  will  devour  eagerly,  for  it  shows 
him  what  he  can  do  with  his  own  hands, 
and  how  he  can  accomplish  results  with 
inexpensive  materials.  The  book  also 
contains  a  chapter  explaining  briefly  and 
in  simple  language  the  working  of  elec- 
tricity in  its  daily  applications  and  an 
appendix  of  electrical  terms  and 
phrases. 

How  to  make  simple  batteries,  induc- 
tion coils,  burglar  alarms,  telephones, 
wireless  telegraph  apparatus,  dynamos 
and  motors,  how  to  do  electroplating  and 
electrotyping,  how  to  make  electrical  in- 
sect and  animal  traps ;  these  are  but  a 
few  of  the  hundreds  of  interesting  and 
instructive  things  that  a  boy  may  learn  to 
do  by  studying  this  book.  It  is  safe  to 
say  that  if  a  work  of  this  nature  had 
fallen  into  the  hands  of  Thomas  A.  Edi- 
son when  he  was  a  newsboy  on  the 
Grand  Trunk  Railway  he  would  have 
performed  every  experiment  described  in 
its  pages. 


The  Wonder  Book  of  Magnetism.  By  Ed- 
win J.  Houston.  Ph.  D.  New  York:  Freder- 
ick A.  Stokes  Co.  1908.  325  pages,  with  77 
illustrations.  Price  $1.50. 

The  "Wonder  Book"  is  rightly  named, 
for  it  presents  a  more  or  less  difficult  sub- 
ject in  a  way  that  is  not  only  instructive 
but  at  the  same  time  interesting.  Fairy 
tales  are  even  introduced  where  they  will 
throw  light  on  difficult  portions.  The 
author  of  this  work  is  well  known 
to  the  readers  of  Popular  Electricity 
through  his  series  of  articles  on  "Ele- 
mentary Electricity."  He  is  the  favorite 
writer  and  a  personal  friend  of  thou- 
sands of  boys,  and  though  64  years  of 
age  is  known  as  the  most  "popular"  boy 


in  Philadelphia.  Who  else  would  have 
thought  to  introduce  the  subject  of 
"Magnetic  Flux"  by  connecting  it  with 
the  story  of  the  invisible  attendants  in  the 
palace  of  "The  White  Cat,"  or  to  illus- 
trate the  flow  of  magnetic  lines  of  force 
in  a  magnet  by  the  story  of  the  "Blowing 
Servant  of  Fortunio."  This  is  the  secret 
of  the  popularity  of  his  works  for  young 
people — the  faculty  of  presenting  his 
subject  in  an  easy  style  that  instantly 
places  him  in  sympathy  with  his  readers. 
The  "Wonder  Book"  describes  lode 
stones,  magnets  "that  remember,"  how 
magnets  produce  magnets,  the  ways  of 
magnetism,  the  cause  of  the  earth's  mag- 
netism, magnetism  and  magic,  auroral 
light — in  short  it  describes  as  vividly  as 
pen  can  describe  the  invisible  wonders  of 
the  mysterious  world  of  magnetism  that 
lies  all  about  us.  One  need  not  be  a  boy 
to  find  this  book  intensely  interesting. 


Self- Propelled  Vehicles.  By  James  E. 
Romans,  A.  M.  New  York:  Theo.  Audel  & 
Co.     1908.     598  pages,  with  500  illustrations. 

Price,  $2.00. 

This  is  a  practical  treatise  on  the  the- 
ory, construction,  operation,  care  and 
management  of  all  forms  of  automobiles. 
The  motor  vehicle  is  a  complex  machine 
and  the  study  of  its  operation  constitutes 
in  itself  a  good  education  in  mechanical 
art.  Although  a  library  of  books  would 
be  required  to  answer  every  question  that 
could  arise  to  the  practical  automobilist 
the  work  under  consideration,  as  a  con- 
venient guide  book  to  the  intricacies  that 
are  almost  inevitably  puzzling  to  the 
owner  of  a  car,  fills  an  important  place  in 
automobile  literature,  and  its  practical 
value  is  unquestionable.  The  subject 
readily  permits  of  classification,  as,  for 
instance  the  motor  carriage,  transmis- 
sion of  power,  steering  gears,  tires,  en- 
gines, carburetters,  etc.  A  considerable 
portion  of  the  book  is  devoted  to  the 
general  principles  of  electricity  as  applied 
to  electrical  vehicle  construction,  dyna- 
mos and  motors,  meters,  batteries  and 
battery  charging,  etc.,  and  the  steam  en- 
gine, as  applied  to  automobiles  is  also 
discussed  in  a  separate  section. 
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A  little  girl  who  had  listened  to  a  discussion 
of  nature  fakers  in  literature,  when  asked  to 
define  the  human  and  animal  families  replied: 

"A  brute  is  an  imperfect  beast;  man  is  a 
perfect  beast." 

*     *     * 

Husband — "Where  in  thunder  did  you  get 
that  coat?     It  fits  you  like  a  potato  sack." 

Wife  (delighted) — -"Does  it  really,  dear?  I 
was  so  afraid  it  wouldn't  be  quite  up  to  the 
style." 

"If  you  didn't  take  so  much  interest  in 
horses  you  would  be  better  off!"  snapped  Mrs1.. 
Growler.  "You  have  had  horses  on  your  brain 
all  your  life." 

"I  guess  that  is  how  I  happened  to  marry  :.i 
nag!"  retorted  Mr.  Growler,  his  face  ambus- 
caded  behind   his    sporting   paper. 


WIRELESS   IN  AFRICA. 


A  medical  student  who  prided  himself  on 
being  a  humorist  was  running  down  the  steps 
of  the  hospital  which  he  was  "walking"  when 
he  met  a  fellow  student.  "Hello,  Brown!"  cried 
the  latter,  noticing  that  his  friend  looked 
pleased.  "You're  in  a  hurry.  What's  the  mat- 
ter— any  good   cases?" 

"I  should  think  so!"  cried  "Brown.  "We've 
got  a  woman  in  the  ward  upstairs  who  is  so 
cross-eyed  that  the  tears  run  down   her  bark!" 

"Rless  me!"  said  the  friend.  "You  can't  do 
anything  for  her,  can  you?" 

"I  should  think  we  can — in  fact,  wo  have," 
cried  Brown;   "we've  treated  her  tor  bacteria!" 


Doctor — "Are   you  still  smoking?" 

Patient — "Yes." 

Doctor — "How  am  I  going  to  do  anything  for 
3'ou  while  you  persist  in   that?" 

Patient — "That's  what  I'm  paying  you  to  find 
out." 

*  *     * 

"Mamma,    is    the    old    black    hen   going   to   be 
sent  away  for  the  summer?" 
"No,  Tommy;  but  why  do  you  ask?" 
"Well,    I   heard    papa    tell   the   new   governess 
that  he  would  take  her  out  riding  when  he  sent 
the  old  hen  away  for  the  summer." 

*  *     * 

The  rich  old  man  with  a  \<oun°-  wife  was  hav- 
ing a  hard  time  trying  to  make  her  coincide 
with  his  idea  of  what  her  duties  were  with  ref- 
erence to  himself. 

"Madam,"  he  exclaimed,  after  a  heated  argu- 
ment, "I  tell  you  I  shall  mold  you  to  my  will." 

"That's  easy  enough,"  she  retorted.  "Only 
make  it  in  my  favor,  and  I'll  attend  to  the  bal- 
ance." 

*  *     * 

Agitated  Young  Bridegroom  (immediately 
after  the  ceremony) — "Serena,  shall — shall — 
shall  I — shall  we — shall  we  kiss?" 

Self-possessed  Bride  (her  third  experience)  — 
"It  is  my  usual  custom,   William." 

*  *     * 

"Maria,"  remarked  Mr.  Slugwater.  the  promi- 
nent cloak  manufacturer,  "I  have  brought  yon 
home  a  garment  from  our  stock  for  you  to 
wear.     It  is  out  in  the  hall." 

"It  may  interest  you  to  know.  Jonathan."  re- 
plied his  better  half,  handing  over  a  bill  for 
$294.92  for  a  new  tailor  made  walking  outfit, 
"that  I  married  you  for  your  money  and  not 
to  increase  your  trade."  And  Jonathan  went 
out  by  the  banister  and  kicked  himself  till  the 
ambulance  arrived. 

*  *     * 

Doctor — "Well,  my  fine  little  fellow,  you  have 
got  quite  well  again.  I  was  sure  that  the  pills 
I  left  you  would  cure  you.  How  did  you  take 
them,   in  water  or  in  cake?" 

Tommy — "Oh,  I  used  them  in  my  blow  gun." 

*  *     * 

Aunt  Maria — "I  think  you  and  Mr.  Mann 
ought  to  get  along  nicely  together.  You  know 
you   both  like  the  same  people." 

Matilda — "Yes.  and.  what  is  better,  we  hate 
the  same  people.  Just  think  what  nice  long 
talks  we  shall  have  together." 

*  *     * 

.lackey     "When    you   were   in   Ireland,   did   you 

kiss    the   blarney  stone'.'"' 
Miss   do   Mure — "No." 
Jackey— -"Why  not?" 
Miss  de  Mure    -"l  was  too  modest." 
.lackey      "Too    modest    to    kiss    a    stone?" 
Miss   do    Mure    -"No.      Too   modest    to 

over  the  castle  walls  by   the  heels." 

*  *     * 

Sister  Ann     "Did  von  act  any  marks  at   s 
terday,    Bill?" 

Billy     "Yus;    but    they're    where    they    don't 

show." 


Accumulator. — Storage    battery. 

Alternating  Current. — That  form  of  electric 
current  the  direction  of  flow  of  which  reverses 
a  given  number  of  times  per  second. 

Ammeter. — An  instrument  for  measuring  elec- 
tric  current. 

Ampere. — Unit  of  current.  It  is  the  quantity 
of  electricity  which  will  flow  through  a  resist- 
ance of  one  ohm  under  a  potential  of  one  volt. 

Ampere  Hour. — Quantity  of  electricity  passed 
by  a  current  of  one  ampere  flowing  for  one 
hour. 

Anode. — The  positive  terminal  in  a  broken 
metallic  circuit;  the  terminal  connected  to  the 
carbon  plate  of  a  battery. 

Armature. — That  part  of  a  dynamo  or  motor 
which  carries  the  wires  that  are  rotated  in  the 
magnetic  field. 

Branch  Conductor. — A  parallel  or  shunt  con- 
ductor. 

Brush. — The  collector  on  a  dynamo  or  motor 
which  slides  over  the  commutator  or  collector 
rings. 

Bus  Bars.— The  heavy  copper  bars  to  which 
dynamo  leads  are  connected  and  to  which  the 
out-going  lines,  measuring  instruments,  etc., 
are   connected. 

Buzzer. — An  electric  alarm  similar  to  an  elec- 
tric bell,  except  that  the  vibrating  member 
makes  a  buzzing  sound  instead  of  ringing  a  bell. 

Candle  Power. — Amount  of  light  given  off  by 
a  standard  candle.  The  legal  English  and 
standard  American  candle  is  a  sperm  candle 
burning  two  grains  a   minute. 

Capacity,  Electric. — Relative  ability  of  a  con- 
ductor or  system  to  retain  an  electric  charge. 

Charge. — The  quantity  of  electricity  present 
on  the  surfa»ce  of  a  body  or  conductor. 

Choking   Coil. — Coil   of  high   self-inductance. 

Circuit. — Conducting  path  for  electric  current. 

Circuit-breaker. — Apparatus  for  automatical- 
ly opening  a   circuit. 

Collector  Rings. — The  copper  rings  on  an  al- 
ternating current  dynamo  or  motor  which  are 
connected  to  the  armature  wires  and  over 
which   the   brushes   slide. 

Commutator. — A  device  for  changing  the  di- 
rection  of   electric   currents. 

Condenser. — Apparatus  for  storing  up  elec- 
trostatic charges. 

Cut-out. — Appliance  for  removing  any  appa- 
ratus  from   a   circuit. 

Cycle. — Full  period  of  alternation  of  an  alter- 
nating current  circuit. 

Diamagnetic. — Having  a  magnetic  permeabil- 
ity inferior   to  that   of  air. 

Dielectric. — A  non-conductor. 

Dimmer.— Resistance  device  for  regulating  the 
intensity  of  illumination  of  electric  incandescent 
lamps.     Used   largely   in   theaters. 

Direct  Current. — Current  flowing  continuously 
in  one  direction. 

Dry  Battery. — A  form  of  open  circuit  battery 
in  which  the  solutions  are  made  practically 
solid  by  addition  of  glue  jelly,  gelatinous  silica, 
etc. 

Electrode. — Terminal  of  an  open  electric  cir- 
cuit. 

Electromotive  Force. — Potential  difference 
causing  current  to  flow. 

Electrolysis. — Separation  of  a  chemical  com- 
pound into  its  elements  by  the  action  of  the 
electric    current. 

Electromagnet. — A  mass  of  iron  which  is 
magnetized  by  passage  of  current  through  a 
coil  of  wire  wound  around  the  mass  but  in- 
sulated therefrom. 

Electroscope. — instrument  for  detecting  the 
presence  of   an   electric  charge. 

Farad. — Unit   of   electric   capacity. 

Feeder. — A  copper  lead  from  a  central  station 
to  some   center  of  distribution. 

Field  of  Force. — The  space  in  the  neighbor- 
hood of  an  attracting  or  repelling  mass  or 
system. 

Fuse. — A  short  piece  of  conducting  material 
of  low  melting  point  which  is  inserted  in  a 
circuit  and  which  will  melt  and  open  the  cir- 
cuit when  the  current  reaches  a  certain  value. 


Galvanometer. — Instrument  for  measuring 
current  strength. 

Generator. — A    dynamo. 

Inductance. — The  property  of  an  electric  cir- 
cuit by  virtue  of  which  lines  of  force  are  de- 
veloped around  it. 

Insulator. — Any  substance  impervious  to  the 
passage  of  electricity. 

Kilowatt.— 1,000   watts.      (See   watt.) 

Kilowatt-hour. — One  thousand  watt  hours. 

Leyden  Jar. — Form  of  static  condenser  which 
will  store  up  static  electricity. 

Lightning  Arrester. — Device  which  will  per- 
mit the  high-voltage  lightning  current  to  pass 
to  earth,  but  will  not  allow  the  low  voltage  cur- 
rent of  the  line  to  escape. 

Motor- dynamo. — Motor  and  dynamo  on  the 
same  shaft,  for  changing  alternating  current  to 
direct  and  vice  versa  or  changing  current  of 
high  voltage  and  low  current  strength  to  cur- 
rent of  low  voltage  and  high  current  strength 
and  vice  versa. 

Multiple. — Term  expressing  the  connection  of 
several  pieces  of  electric  apparatus  in  parallel 
with  each  other. 

Multiple    Circuits. — See    parallel    circuits. 

Neutral  Wire. — Central  wire  in  a  three-wire 
distribution  system. 

Ohm. — The  unit  of  resistance.  It  is  arbi- 
trarily taken  as  the  resistance  of  a  column  of 
mercury  one  square  millimeter  in  cross  section- 
al area  and  106  centimeters  in  height. 

Parallel  Circuits. — Two  or  more  conductors 
starting  at  a  common  point  and  ending  at  an- 
other common  point. 

Polarization. — The   depriving  of   a  voltaic   cell 
of  its  proper  electromotive  force. 
Potential. — Voltage. 

Resistance. — The  quality  of  an  electrical  con- 
ductor by  virtue  of  which  it  opposes  the  pas- 
sage of  an  electric  current.  The  unit  of  re- 
sistance is  the  ohm. 

Rheostat. — Resistance  device  for  regulating 
the  strength  of  current. 

Rotary  Converter.  —  Machine  for  changing 
high-potential  current  to  low  potential  or  vice 
versa. 

Secondary  Battery. — A  battery  whose  positive 
and  negative  electrodes  are  deposited  by  cur- 
rent from  a  separate  source  of  electricity. 

Self-inductance. — Tendency  of  current  flowing 
in  a  single  wire  wound  in  the  form  of  a  spiral 
to  react  upon  itself  and  produce  a  retarding 
effect  similar  to  inertia  in   matter. 

Series. — Arranged  in  succession,  as  opposed  to 
parallel  or  multiple  arrangement. 

Series  Motor. — Motor  whose  field  windings  are 
in  series  with  the  armature. 

Shunt. — A  by-path  in  a  circuit  which  is  in 
parallel  with   the   main   circuit. 

Shunt  Motor. — Motor  whose  field  windings 
are  in  parallel  or  shunt  with  the  armature. 

Solenoid. — An  electrical  conductor  wound  in 
a  spiral  and  forming  a  tube. 

Spark-gap. — Space  between  the  two  electrodes 
of  an  electric  resonator. 

Storage    Battery. — See    secondary    battery. 

Thermostat. — Instrument  which,  when  heated, 
closes  an  electric  circuit. 

Transformer. — A  device  for  stepping-up  or 
stepping-down  alternating  current  from  low  to 
high  or  high  to  low  voltage,   respectively. 

Volt. — Unit  of  electromotive  force  or  potential. 
It  is  the  electromotive  force  which,  if  steadily 
applied  to  a  conductor  whose  resistance  is  one 
ohm,  will  produce  a  current  of  one  ampere. 

Voltage. — Potential  difference  or  electromotive 
force. 

Volt  Meter. — Instrument  for  measuring  volt- 
age. 

Watt. — Unit  representing  the  rate  of  work  of 
electrical  energy.  It  is  the  rate  of  work  of  one 
ampere  flowing  under  a  potential  of  one  volt. 
Seven  hundred  and  forty-six  watts  represent 
one  electrical  horse  power. 

Watt- hour. — Electrical  unit  of  work.  Repre- 
sents work  done  by  one  watt  expended  for  one 
hour. 
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ELECTRIC  SERVICE  IN  A  GREAT  CITY, 


BY  WILLIAM  KEILY. 


HERE  is  something 
particularly  impres- 
sive in  the  spectacle 
of  power  controlled 
by  man,  Of  course, 
the  hurricane,  the 
mighty  cataract,  the 
lightning's  course  across  the  heavens, 
are  awe-inspiring,  but  we  thrill  with  a 
peculiar  responsiveness  when  the  60- 
mile-an-hour  express  goes  rushing  by, 
when     the     great     steamship     proudly 


in  the  big  electric  power  generating  sta- 
tions, for  owing  to  the  intangible  nature 
of  electricity  and  the  fact  that  its  tre- 
mendous importance  as  an  agent  in 
transmitting  intelligence  or  power  has 
only  been  realized  within  the  memory  of 
men  still  living,  this  particular  force  in 
nature  has  an  interest  and  a  fascination 
all  its  own,  both  to  the  man  of  science 
and  the  man  in  the  street. 

Electric  power  houses  are  scattered  all 
over  the  civilized  world,  but  among  them 


THE    ONLY    CENTRAL    STATION    PLANT    IN    CHICAGO       TWENTY  YEARS  AGO. 


breasts  the  waters,  when  the  100-ton  gun 
is  fired,  or  when  we  stand  in  some  im- 
mense powerhouse  and  watch  the  ma- 
chinery by  which  some  form  of  energy 
is  converted  into  power  to  do  useful 
work. 

Such  a   feeling  of   admiration   comes 
over  the  spectator  in  a  marked  degree 


all  there  is  perhaps  none  more  interesting 
than  that  known  as  the  Fisk  Street  Sta- 
tion of  the  Commonwealth  Edison  Com- 
pany of  Chicago,  which,  with  the  system 
of  which  it  is  a  part,  forms  the  subject 
of  this  brief  article. 

This  is  so  for  several  reasons.     The 
station  is  very  large,  having  a  capacity 
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of  100,000  kilowatts  or  134,000  horse- 
power; it  was  the  first  electric  power 
house  in  which  steam  turbines  were  in- 
stalled on  a  large  scale,  and  here  has 
been  demonstrated  during  the  last  five 
years  the  great  advantages  of  the  steam 
turbine  in  the  generation  of  electricity, 
so  that  great  railway  companies  using 
current  in  very  large  quantities  have 
found  it  to  their  interest  to  buy  "juice" 


GLIMPSE    IN    THE    BOILER   ROOM    OF    THE 
FISK   STREET    PLANT. 


produced  in  this  plant.  And  so  "Fisk 
Street"  occupies  a  unique  place  in  the 
industrial  life  of  Chicago,  for  it  not  only 
supplies  the  ordinary  commercial  electric 
light  and  power  of  a  large  city,  but  it 
supplies  power  to  many  of  the  factories 
and  to  nearly  all  the  surface  and  elevated 
railways  as  well. 

But  so  important  is  the  matter  of  unin- 
terrupted electric  power  service  to  Chi- 


cago that  sole  reliance  is  not  placed  on 
Fisk  Street,  remote  as  is  the  chance  of 
its  breaking  down.  Within  a  few 
months  another  great  power  house  on 
Quarry  Street,  just  across  the  South 
Branch  of  the  Chicago  River  from  Fisk 
Street,  has  been  placed  in  service,  and 
this  has  already  added  28,500  kilowatts 
to  the  company's  total  generating  capa- 
city, with  ultimate  capacity  of  84,000 
kilowatts  when  the 
building  is  completed. 
Here,  it  may  be  ra- 
marked,  are  14,000-kilo- 
watt  (18,600  horsepow- 
er) turbo-generators, 
and  these  are  not  only 
the  largest  dynamo-elec- 
tric machines  in  use,  but 
the  largest  prime  mov- 
ers of  any  description. 
Adding  to  the  maxi- 
mum output  of  these 
two  principal  stations 
the  capacity  of  the  old 
reliable  Harrison  Street 
station,  with  its  recipro- 
cating engines,  and  that 
of  still  other  generating 
plants  which  may  be 
used,  the  total  maximum 
generator  capacity  of 
the  systems  will  b  e 
found  to  be  158,000 
kilowatts,  or  over  200,- 
000  hors  epower,  of 
which  80  per  cent  is  af- 
forded by  Fisk  and 
Quarry  Streets.  Thus 
the  former,  developed  to 
three-quarters  of  its  ul- 
timate capacity,  and  the 
latter,  one-third  devel- 
oped, mean  much  to  the 
city  of  Chicago. 

These  are  big  figures, 
but  one  has  only  to  go 
back  twenty  years,  or 
even  less,  to  find  the  entire  central  station 
generating  capacity  of  the  company,  con- 
sisting of  about  4,000  horsepower  in  per- 
haps 20  small  engines,  and  dynamos, 
housed  in  a  low  building  at  139  Adams 
Street,  since  replaced  by  the  present  of- 
fice building  and  substation  on  the  same 
site.  From  4,000  to  200,000  horsepower 
in  less  than  20  years! — a  wonderful 
growth  is  it  not?    And  through  the  rail- 
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way  systems  which  receive  current  from 
Fisk  and  Quarry  streets  power  from 
these  plants  is  available  from  Milwau- 
kee, Wis.,  on  the  north  to  Kankakee, 
111.,  on  the  south,  an  extreme  range  of 
150  miles. 

Chicago  is  sometimes  called  the  "Elec- 
tric City,"  and  with  the  foregoing  facts 
in  mind  one  can  see  why  the  name  is 
appropriate.     From     the     Fisk     Street 


CONTROLLING  18,000  HORSE  POWER  BY 
THE  HAND. 


power  center  current  is  transmitted  to  33 
sub-stations,  principally  as  9,000-volt  al- 
ternating current.  In  the  sub-stations 
the  current  is  changed  to  direct  current, 
or  perhaps  to  alternating  current,  of  low- 
er voltage,  suitable  to  the  needs  of  the 
customer.  There  are  railways,  manufac- 
turing establishments  (many  of  large 
size),  public  and  office  buildings,  stores, 
residences  and  other  users.  On  Octo- 
ber 1,  1908,  the  date  of  the  last  annual 
report,  the  company's  commercial  busi- 
ness amounted  to  the  equivalent  of 
4,137,650  16-candlepower  lamps  connect- 
ed. In  addition,  it  was  supplying  current 
amounting  approximately  to  75,000 
horsepower  to  street  railways  and  other 
public-service  corporations.  Since  then 
these  totals  have  been  materially  in- 
creased. 

There  are  many  facts  of  interest  in 
connection  with  the  system  as  a  whole. 
For  instance,  the  company  occupies  49 
buildings  wholly  or  partially.  It  has  in 
reserve  15  storage  batteries,  having  a 
capacity  of  supplying  38,000  horsepower 
for  half  an  hour,  to  be  called  upon  in 
emergency  or  in  case  of  quick,  unexpect- 
ed load.    Exclusive  of  railways,  there  is 


114,000  horsepower  in  motors  connect- 
ed. There  are  280  miles  of  transmission 
lines,  325  miles  of  underground  mains 
and  feeders,  1,700  miles  of  ducts  in  un- 
derground conduits  and  3,950  miles  of 
overhead  line  wire.  Millions  of  dollars 
are  represented  by  the  copper  placed  in 
the  streets. 

Ground  for  the  Fisk  Street  Station 
was  first  broken  for  this  imposing  struc- 
ture in  1902,  and  the  first  steam-turbine 
generating  unit  was  placed  in  service 
October  2,  1903.  It  was  the  first  great 
power  house  in  the  world  to  be  equipped 
exclusively  with  steam-turbine  generat- 
ing units,  and  it  has  become  famous. 
There  is  a  row  of  ten  units  with  a  total 
maximum,  capacity  of  100,000  kilowatts, 
and  they  represent  a  wonderful  advance 
in  the  art,  for  the  later  units  are  fully 
twice  as  efficient  as  the  ones  that  were 
first  installed. 

The  main  building  is  475  feet  long  and 
240  feet  wide.  It  contains  the  boiler 
room  and  the  turbine  room.  The  switch 
house  is  a  separate  building  340  feet  long 
and  50  feet  wide.  The  idea  of  a  separate 
switch  house  was  another  innovation  for 
Fisk  Street.  With  its  oil  switches,  it  is 
in  great  contrast  to  the  old  power-plant 


ON    THE    TOP    OF  A   26S-F00T    SMOKE 
STACK'. 

switchboard.  The  turbo-generators  are 
35  feet  high  and  have  (the  later  ones)  a 
maximum  capacity  of  12.000  kilowatts 
each.  The  weight  of  revolving  parts  in 
each  machine  is  70  tons,  and  the  peri- 
pheral speed  is  3.8  miles  a  minute.  Fif- 
teen gallons  of  oil  is  provided  per  min- 
ute for  each  turbine. 
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The  unit  system  of  construction  and 
operation  is  everywhere  provided,  with 
a  view  to  isolating  possible  trouble  and 
minimizing  its  effects.  The  boiler  house 
contains  a  battery  of  eight  boilers  for 
each  turbine,  or  80  in  all.  Each  boiler 
has  5,000  square  feet  of  heating  surface 
and  is  equipped  with  a  superheater  which 
takes  the  steam,  at  the  boiler  pressure  of 
180  pounds,  and  heats  it  from  150  to  200 
degrees  above  the  boiler  temperature. 
The  steam  then  becomes  a  "dry"  gas  of 
much  higher  pressure  and  of  a  power 
second  only  to  that  of  some  powerful  ex- 
plosive.. 

There  are  five  steel  chimneys  and  they 
are  18  feet  in  diameter,  rising  268  feet 
above  the  ground.  The  daily  coal  con- 
sumption during  the  busiest  season  is 
about  1,700  tons,  and  the  coal  reserve  is 
50,000  tons  on  the  ground  and  10,000 
tons  in  the  bunkers  in  the  boiler  house. 

Everything  about  the  plant  is  on  a 
large  scale,  but  carefully  planned,  and 
carried  out  with  the  most  minute  atten- 
tion to  detail. 

A  big  concern  is  the  Commonwealth 
Edison  Company.  Its  stock  and  bonds 
are  valued  at  about  $50,000,000  and  it 
employs  about  3,000  men.  It  is  said  to 
be  its  ambition  to  turn  every  wheel  in 
Cook  County  and  to  abolish  every  smoke- 
stack, except  its  own,  and  these  give- 
practically  no  smoke,  so  excellent  is  the 
boiler  combustion. 

One  marked  feature  of  the  com- 
pany's policy  has  been  the  steady  reduc- 
tion of  rates,  not  only  to  the  large, 
wholesale  consumers,  which  are  of 
course  very  low,  but  also  to  the  small 
shopkeeper  and  householder.  Thus  the 
rates — commercial  and  residence  rates — 
of  this  year  are  but  40  per  cent  of  what 
they  were  ten  years  ago.  These  low 
rates  are  made  possible  by  the  very  re- 
markable economies  that  have  been  ef- 
fected in  operation,  and  most  conspicu- 
ous among  these  economies  has  been  the 
reduction  in  the  cost  of  producing  elec- 
tric current  by  means  of  the  great,  mod- 
ern, scientifically  designed  Fisk  Street 
Station. 

Thus  the  courage  and  foresight  of  the 
men  who  boldly  planned  a  great  power 
house  in  1902  without  reciprocating  en- 
gines have  met  a  deserved  reward. 


LAMP  POSTS  AS  HISTORICAL 
MEMORIALS. 

Very  wisely,  those  who  planned  the  re- 
cent celebration  in  Philadelphia,  to  com- 
memorate the  two  hundred  and  twenty- 
fifth  anniversary  of  its  founding,  sought 
some  means  which  would  not  only  add  to 
the  festive  appearance  of  the  city  at  the 
time  but  could  also  be  retained  as  a  per- 
manent memorial.     A  particularly  happy 


Courtesy  of  the  Illuminating  Engineer 
ARTISTIC    MEMORIAL    LAMP    POST. 


Popular  electricity 


m 


thought  resulted  in  the  erection  of  suit- 
ably designed  and  executed  lamp  posts 
around  the  municipal  center  of  the  city 
in  which  is  located  the  city  hall.  As  this 
edifice  occupies  four  entire  blocks,  and  is 
one  of  the  most  imposing  structures  of  its 
kind  in  this  country,  the  opportunity  for 
the  display  of  such  embellishments  was 
ideal. 

In  order  that  this  plan  might  express  as 
much  symbolism  as  possible,  the  com- 
mittee having  it  in  charge  decided  that 
the  number  of  posts  should  be  28,  corre- 
sponding to  the  number  of  original  dis- 
tricts, boroughs  and  townships  which 
were  consolidated  in  1854  to  make  up  the 
present  city.  The  posts  in  themselves 
are  simple  and  dignified  in  design,  as  be- 
fits their  purpose,  each  supporting  a 
shower  cluster  of  electric  lamps  in  frost- 
ed globes.  The  material  is  bronze,  and 
the  execution  is  an  example  of  the  most 
finished  and  skillful  workmanship. 


SINGLE-PHASE  RAILROADING  AND 
TELEPHONES. 

Some  apprehension  has  been  felt  by 
telephone  men,  who  have  feared  that  the 
spread  of  the  single-phase  electric  rail- 
way would  interfere  with  the  safety  of 
telephone  service  by  induced  currents.  It 
is  a  fact  that  single-phase  electrification 
affects  telegraph  and  telephone  systems 
whose  wires  run  parallel  with  the  rail- 
road and  close  to  it.  On  an  eastern  rail- 
road system  it  is  said  that  a  correction 
has  been  found  for  this  disturbance 
which  has  proved  to  be  simple  and  not 
too  expensive.  Briefly  described,  it  con- 
sists of  what  are  called  compensating 
transformers,  whose  secondaries  are  a 
part  of  the  telephone  wires  and  whose 
primaries  receive  their  voltage  from  pilot 
wires  strung  on  the  same  cross-arms  as 
those  bearing  the  telephone  wires  and 
thus  having  by  induction  the  same  volt- 
age as  the  telephone  wires.  The  trans- 
former secondary  voltage  is  nearly  equal 
and  opposite  to  the  induced  voltage  on 
the  telephone  wires  and  thus  constantly 
compensates  for  it  throughout  all  ranges 
of  induction  due  to  the  single-phase 
wires.  If  no  "bugs"  are  found  in  this 
plan,  it  will  be  valuable  in  removing 
what  at  first  was  considered  a  great 
drawback  to  the  use  of  the  single-phase 
railway. 


PUMPING  OUT  A  MINE. 

Down  deep  in  most  mines  water  is 
constantly  seeping  in  and  tending  to  fill 
up  the  lower  levels.  A  continual  warfare 
must  be  waged  between  man  and  the 
elements  in  order  that  the  miners  may 
work  at  their  task.  Like  prisoners  in 
ancient  times  who  were  made  to  pump 
water  out  of  their  cells  to  keep  from 
drowning  so  the  miners  in  the  depths  of 
the  earth  must  be  protected  by  constant 
pumping,  only  in  the  latter  case  electric- 
ity does  the  work. 

The  electric  motor-driven  mine  pump 
is  an  ideal  machine  for  the  work.  It  re- 
quires little  or  no  attendance  as  would  a 
steam-driven  pump.  A  couple  of  wires 
carry  the  current  to  the  motor  with  prac- 
tically no  loss  and  very  little  cost  for 
installation.  To  bring  steam  down 
from  the  surface  to  operate  an  engine  re- 
quires an  expensive  piping  system  with 


loss  of  power  due  to 
evaporation  of  the 
steam  through  its 
long  course  from 
boiler  to  engine. 

In  deep  mines  where 
the  lift  would  be  too 
high  for  one  pump 
several  are  installed 
on  different  levels, 
each  driven  by  its 
own  motor,  the  water 
being  stepped  u  p 
from  reservoir  to  res- 
ervoir. 
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It  was  by  means  of  electrolysis  that 
Davy  made  his  great  discovery  of  the 
compound  nature  of  the  alkalies,  potash 
and  soda.  The  means  he  employed  for 
this  discovery  are  shown  in  Fig.  71.  The 
battery  consisted  of  four  voltaic  cells 
connected  together  in  series.  The  posi- 
tive pole  of  the  battery  was  connected  to 
an  anode  consisting  of  a  disk  of  plati- 
num, while  the  negative  pole  of  the  bat- 
tery was  dipped  in  a  globule  of  mercury 
forming  the  cathode  and  supported  at' 
the  center  of  a  piece  of  caustic  potash. 


FIG.     71. 


DAVY'S     EXPERIMENTAL 
APPARATUS. 


On  the  passage  of  the  current  the  mole- 
cule of  caustic  potash  'is  broken  up,  oxy- 
gen liberated  at  the  anode,  and  potas- 
sium, a  metal,  at  the  cathode,  where  it 
immediately  enters  into  combination  or  is 
amalgamated  with  the  mercury. 

Since  all  electrolytic  decompositions 
are  due  to  electricity,  it  is  evident,  from 
what  we  have  already  said  about  the  doc- 
trine of  the  conservation  of  energy,  that 
the  amount  of  chemical  decomposition 
produced  must  depend  on  the  quantity  of 
electricity  that  passes.  The  passage  of 
one  coulomb  of  electricity  is  capable  of 
setting  free  or  liberating  0.0000105 
grammes  of  hydrogen.  Consequently, 
one  ampere,  or  one-coulomb-per-second. 
is  capable  of  setting  free  0.C000105 
grammes  of  hydrogen  per  second.  This 
quantity  or  number,  0.0000105  grammes 
of  hydrogen,  is  known  as  the  electro- 
chemical equivalent  of  hydrogen. 

The  electro-chemical  equivalent  of  any 
other  element  can  be  obtained  by  multi- 
plying the  electro-chemical  equivalent 
of  hydrogen  by  what  is  called  the  chem- 


ical equivalent  of  the  element;  that  is,  by 
the  atomic  weight  of  the  element  divided 
by  its  combining  capacity  or  valency. 
For  example,  the  atomic  weight  of  po- 
tassium is  39.1 ;  its  electro-chemical 
equivalent  is  therefore  equal  to  39.  T  X 
0.0000105  =  .0004105.  Consequently,  by 
multiplying  the  current  strength  that 
passes  in  amperes,  or  coulombs-per-sec- 
ond,  by  the  electro-chemical  equivalent 
of  any  element,  we  obtain  the  weight  of 
the  element  liberated  in  grammes  in  one 
second. 

The  laws  of  electrolysis  as  discovered 
by  Faraday  are  as  follows : 

(1).  In  a  series-connected  circuit  of 
a  number  of  decomposition  cells  contain- 
ing different  electrolytes,  the  amount  of 
decomposition  that  occurs  in  a  given  time 
is  the  same  in  all  parts  of  the  cir- 
cuit; that  is,  in  each  decomposition  cell. 

(2).  The  number  of  ions  that  are  lib- 
erated or  set  free  by  the  passage  of  an 
electric  current  is  proportional  to  the 
amount  of  electricity  passing.  A  cur- 
rent of  one  ampere,  or  one  coulomb-per- 
second,  is  capable  of  liberating  a  certain 
number  of  ions ;  a  current  twice  as 
strong;  i.  e.,  two  amperes,  or  two-cou- 
lombs-per-second,  will  liberate  twice  this 
number  of  ions. 

Since,  as  already  stated,  electricity  is 
conducted  through  an  electrolyte  by 
means  of  charges  on  the  ions,  and  an 
ion  is  capable  of  carrying  only  a  definite 
charge  of  positive  or  negative  electricity, 
any  increase  in  the  number  of  ions  lib- 
erated will  necessitate  a  corresponding- 
increase  in  the  amount  of  electricity 
transmitted. 

Therefore  where  several  decomposi- 
tion cells  containing  different  electrolytes 
are  connected  in  series,  the  weight  of  the 
different  ions  set  free  or  liberated  in  dif- 
ferent electrolytes  by  the  passage  of  a 
given  current  strength  will  depend  on 
their  chemical  equivalent,  which,  as  we 
have  seen,  is  equal  to  the  atomic  weight 
divided  by  the  valency  or  atomicity. 
Since  an  atom  of  oxygen  weighs  16  times 
as  much  as  an  atom  of  hydrogen,  and  is 
equivalent  in  combining  power    to    two 
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atoms  of  hydrogen,  the  weight  of  oxy- 
gen that  is  liberated  will  therefore  be 
eight  times  that  of  the  hydrogen.  In 
other  words,  eight  grammes  of  oxygen 
will  be  liberated  to  every  gramme  of  hy- 
drogen. Since,  too,  an  atom  of  silver 
has  108  times  the  weight  of  an  atom  of 
hydrogen,  and  is  equal  in  combining 
power,  there  will  be  108  grammes  of  sil- 
ver deposited  in  -a  silver  decomposing 
cell  for  every  gramme  of  hydrogen  de- 
posited in  a  water  cell.  Again,  since  an 
atom  of  gold  is  197  times  as  heavy  as  an 
atom  of  hydrogen  and  is  able  to  replace 
three  hydrogen  atoms  in  combination, 
65%  grammes  of  gold  will  be  deposited 
for  every  gramme  of  hydrogen. 

As  already  stated,  it  is  generally  be- 
lieved that  when  electrolysis  takes  place 
the  electric  current  does  not  pass  through 
the  electrolyte  by  conduction  as  it  does  in 
a  metallic  conductor,  but  by  charges  on 
the  ions  or  radicals.  Consequently  when 
electricity  passes  through  a  number  of 
series-connected  decomposition  cells  the 
same  number  of  monad  atoms,  or  atoms 
having  a  valency  of  one,  will  be  set  free 
no  matter  what  their  nature;  that  half 
the  number  of  dyad  atoms,  or  those  hav- 
ing a  combining  capacity  of  two,  will  be 
set  free;  that  one-third  the  number  of 
triad  atoms  or  those  having  the 
combining  capacity  of  three,  and  so 
on.  In  other  words,  the  atoms  of 
every  monad  element  carry  the  same 
electric  charge  or  the  same  quantity 
of  electricity,  whether  they  are  atoms 
of  hydrogen  or  atoms  of  silver ;  that  the 
atoms  of  every  dyad  element,  or  element 
having  twice  the  combining  capacity 
carry  twice  as  great  a  charge;  that  the 
atoms  of  every  triad  element  or  elements 
having  three  times  the  combining  capac- 
ity carry  a  charge  three  times  as  great. 

When  a  metallic  salt  is  electrolyzed  by 
an  electric  current,  it  is  broken  up  into 
its  positive  and  negative  ions.  The 
metal,  being  electro-positive,  appears  at 
the  cathode ;  the  acid  radical,  being  elec- 
tro-negative, appears  at  the  anode.  This 
principle  is  employed  practically  in  elec- 
tro-metallurgy, in  the  art  of  electroplat- 
ing, in  electrotyping,  as  well  as  in  the 
electric  refining  of  metals. 

For  example,  in  the  process  of  electro- 
plating or  covering  the  surface  of  any  of 
the   baser   metals   with    gold,    silver,   or 


copper,  the  object  to  be  plated  is  con- 
nected with  the  cathode  or  negative  ter- 
minal of  an  electric  source  and  placed  in 
a  solution  of  the  metal  with  which  it  is 
to  be  plated  opposite  a  plate  of  the  same 
metal  connected  with  the  anode  or  posi- 
tive terminal  of  the  cell. 

Suppose,  for  example,  that  an  object 
is  to  be  electroplated  or  covered  with 
copper.  This  object  connected  with  the 
negative  terminal  of  the  cell  is  placed  in 
a  solution  of  copper  sulphate,  or  blue 
vitriol,  immediately  opposite  a  plate  of 
copper  connected  with  the  positive  ter- 
minal of  the  cell.  As  the  current  passes, 
the  molecules  of  copper  sulphate  are  de- 
composed, and  copper,  the  electroposi- 
tive radical,  is  liberated  in  the  metallic 
state  in  a  layer  that  firmly  adheres  to  ob- 
jects connected  with  the  cathode.  At  the 
same  time  (S04)  an  electro-negative 
acid  radical,  is  set  free  at  the  anode 
where   it   immediately   enters   into   com- 


FIG.    72.     SILVER    PLATING    BATH. 

bination  witn  the  plate  of  copper,  thus 
maintaining  the  strength  of  the  copper 
sulphate  in  the  plating  bath. 

A  silver  plating  bath  is  represented  in 
Fig.  72,  also  connected  with  a  single 
voltaic  cell.  As  before,  the  articles  to  be 
plated,  a  number  of  spoons,  are  con- 
nected with  the  cathode  of  the  voltaic 
cell  and  suspended  in  a  silver  plating- 
bath,  while  a  plate  of  pure  silver,  con- 
nected with  the  anode,  is  suspended  op- 
posite these  articles,  also  suspended  in 
the  plating  bath.  As  the  current  passes, 
metallic  silver  is  deposited  on  the  articles 
at  the  cathode,  and  the  acid  radicals  lib- 
erated at  the  anode,  enter  into  combina- 
tion with  the  plate  of  metallic  silver  at 
the  anode,  thus  maintaining  the  strength 
of  the  silver  plating  solution. 

It  is  possible  by  the  processes  above 
described  to  decompose  a  metallic  salt 
and  deposit  its  metal  on  conducting  sur- 
faces suspended  from  the  cathode  so  as 
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readily  to  produce  cold  castings.  This 
process  is  sometimes  called  galvano- 
plastics.  The  arrangement  employed  for 
obtaining  these  castings  as  in  the  case  of 
a  medal  is  represented  in  Fig.  73. 

A  mould  or  hollow  casting  of  the 
medal  is  first  obtained.  This  is  readily 
done  by  the  use  of  an  alloy  consisting 
of  eight  parts  bismuth,  three  parts  tin, 
and  five  parts  lead.  A  sufficient  quan- 
tity of  the  molten  alloy  is  poured  into  a 
shallow  box,  and,  when  almost  ready  to 
solidify,  the  medal   is  placed  in  a  hori- 


FIG. 


APPARATUS  FOR  MAKING  COLD 
CASTINGS. 


zontal  position  on  the  still  plastic  sur- 
face of  the  alloy,  thus  obtaining  a  sharp 
impression  of  its  elevations  and  depres- 
sions. When  the  alloy  sets,  the  medal  is 
readily  separated  from  the  mould  by  a 
slight  shock. 

A  metallic  wire  is  then  bent  around 
the  outside  of  the  mould  which  is  sus- 
pended from  a  metallic  rod  connected 
with  the  cathode  and  immersed  in  a  so- 
lution of  copper  sulphate.  A  plate  of 
copper  is  suspended  at  the  anode  in  the 
copper  sulphate  solution  immediately 
opposite  the  mould.  On  the  passage  of 
the  current  the  molecules  of  copper  sul- 
phate in  the  plating  bath  are  decom- 
posed and  metallic  copper  deposited  in 
the  mould,  thus  accurately  producing  a 
cold  casting  of  the  medal.  In  order  to 
prevent  the  copper  from  being  depos- 
ited on  the  back  of  the  mould  it  is  coated 
with  a  thin  layer  of  non-conducting  var- 
nish. 

Gutta-percha  can  also  be  employed  for 
producing  sharp  moulds.  In  such  cases, 
in  order  to  prevent  the  object  to  be 
moulded  from  adhering  to  the  gutta- 
percha it  is  previously  coated  with  a 
thin  layer  of  black  lead  or  graphite.  The 
gutta-percha  is  then  softened  by  heat 
and  •  pressed    against   the   object   whose 


mould  is  to  be  obtained.  Since  gutta- 
percha is  non-conducting  it  is  covered 
with  graphite  in  order  to  permit  it  to 
conduct  electricity. 

In  a  similar  manner,  gold  may  be  de- 
posited on  the  surfaces  of  the  baser  met- 
als. This  process  is  known  as  electro- 
gilding,  and  is  a  great  improvement  on 
the  old  method  of  fire-gilding,  in  which 
an  amalgam  of  gold  and  mercury  was 
applied  to  the  surface  of  the  metal  to  be 
gilded,  and  the  objects  so  covered -were 
heated  in  a  furnace.  This  resulted  in  the 
volatilizing  or  driving  off  of  the  mer- 
cury and  the  depositing  of  the  gold  in  a 
thin  film  on  the  object. 

There  are  various  processes  for  electro- 
gilding.  In  all  of  them,  as,  indeed,  in 
all  cases  of  electroplating,  it  is  necessary 
that  the  surfaces  of  the  objects  to  be 
plated  be  thoroughly  cleansed.  The  ob- 
jects are  connected  with  the  cathode  of 
three  or  four  series-connected  voltaic 
cells  and  immersed  in  a  bath  or  plating 
solution  of  gold,  opposite  a  plate  of  gold 
connected  with  the  anode.  Various  gold 
baths  are  employed  in  electroplating. 

The  ease  with  which  gold  is  dissolved 
from  a  plate  connected  with  the  anode 
and  deposited  on  objects  connected  with 
the  cathode,  is  sometimes  employed  by 
counterfeiters  for  electrogilding  spurious 
coins.  The  counterfeit  coin  is  suspended 
at  the  cathode  in  a  gold-plating  bath  and 
a  $20  goldpiece  connected  with  the  anode 
is  placed  opposite  the  counterfeit.  In 
this  way,  on  the  passage  of  the  current, 
a  film  of  pure  gold  is  deposited  on  the 
surface  of  the  counterfeit.  The  same  $20 
goldpiece  can  be  employed  for  covering 
a  comparatively  great  number  of  coun- 
terfeit coins  without  undergoing  any  sen- 
sible decrease  in  weight. 

The  ease  with  which  metals  are  de- 
posited by  electrolysis  from  their  solu- 
tions is  frequently  employed  in  the  re- 
fining of  metals.  For  example,  copper 
alloyed  with  the  baser  metals  may  be  re- 
fined as  follows :  The  impure  copper  is 
suspended  from  the  anode  of  a  decom- 
position cell  in  the  shape  of  a  plate  in  a 
solution  of  copper  sulphate,  and  a  plate 
of  pure  copper  suspended  in  the  same 
solution  and  connected  with  the  cathode. 
On  the  passage  of  the  current,  metallic 
copper  is  deposited  in  a  pure  state  on  the 
sheet  of  pure  copper  connected  with  the 
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cathode,  while  the  sulphuric  acid  radical 
which  is  liberated  at  the  anode  enters 
into  combination  with  the  copper  of  the 
plate,  forming  a  copper  sulphate  which 
is  dissolved  by  the  plating  solution  and 
thus  maintains  its  strength.  The  impuri- 
ties of  the  plate  remain  in  the  solution. 
Copper  so  refined  is  known  as  electrolytic 
copper. 

Where  the  amount  of  electrolytic  cop- 
per produced  is  great  the  electric  current 
required  for  the  refining  is,  of  course, 
correspondingly  great.  This  current  is 
produced  by  means  of  huge  dynamo- 
electric  machines  known  as  electrolytic 
generators.  They  are  designed  to  pro- 
duce powerful  currents  under  compara- 
tively small  pressure  or  voltage. 

The  passage  of  an  electric  spark 
through  moist  air  is  generally  attended 
by  a  peculiar  smell,  due  to  the  production 
of  a  substance  called  ozone,  a  peculiar 
modification  of  molecular  oxygen.  As 
we  have  already  seen,  molecular  oxygen 
consists  of  an  atom  of  oxygen  combined 
with  another  atom  of  oxygen  and  there- 
fore having  the  formula  O  =  O.  Now, 
when  a  series  of  electric  sparks  are 
passed  through  moist  air,  it  can  be  shown 
that  the  peculiar  odor  produced  by  the 
passage  of  electricity  through  the  air  is 
due  to  the  breaking  up  of  the  molecule  of 
oxygen  O  =  O,  and  the    formation    of 

y     ^  or  tfi-atomic  molecular  oxygen. 

This  peculiar  modification  of  oxygen  is 
known  as  ozone.  It  possesses  strong  oxi- 
dizing powers,  and  is  capable  of  acting 
as  a  powerful  bleaching  agent.  Its  at- 
traction for  potassium  is  so  strong  that 
it  is  capable  of  setting  iodine  free  from 
the  molecule  of  iodine  of  potassium. 
When  properly  administered,  ozone  is 
able  to  afford  relief  in  certain  diseases 
of  the  body,  such  as  rheumatism,  pul- 
monary consumption,  scrofula,  etc. 
Ozone  is  also  capable  of  acting  as  a  pow- 
erful disinfectant  by  destroying  disagree- 
able odors  in  the  air.  In  addition  to  this, 
it  acts  as  a  powerful  germicide,  being 
able  to  destroy  the  micro-organisms  or 
germs  that  produce  many  deadly  diseases. 

It  is  possibly  because  of  the  greater 
amount  of  ozone  existing  in  the  air  of  the 
seashore  and  the  mountains  that  these 
places  are  so  popular  as  summer  resorts. 


The  ability  of  ozone  to  decompose  po- 
tassium iodide  makes  it  a  comparatively 
easy  matter  to  detect  its  presence  in  air, 
since  a  piece  of  paper  moistened  in  a 
solution  of  starch  in  water  containing 
iodide  of  potassium,  when  cut  in  strips 
and  dried  in  a  closed  room,  will  become 
of  a  bluish  color  when  exposed  to  air 
containing  ozone.  This  blue  color  is  due 
to  the  setting  free  of  the  iodine  in  the 
potassium  iodide,  thus  permitting  the 
iodine  to  act  on  the  starch. 

The  passage  of  a  lightning  flash 
through  air  sometimes  results  in  causing 
a  combination  of  the  nitrogen  and  oxy- 
gen, the  two  principal  constituents  of  the 
air.  In  this  way,  traces  of  nitric  acid 
are  formed  in  the  air  by  the  direct  com- 
bination of  nitrogen  and  oxygen. 

When  a  number  of  short  disruptive 
discharges  or  electric  sparks  are  caused 
properly  to  pass  through  moist  air,  the 
amount  of  nitric  acid  produced  is  suffi- 
ciently great  to  possess  commercial  val- 
ues. Indeed,  an  actual  commercial  plant 
has  been  erected  for  the  production  of 
nitric  acid  in  this  manner.  The  plant 
consists  of  a  nitrifying  chamber,  contain- 
ing a  vertical  cylinder  provided  with 
means  for  the  simultaneous  formation  of 
a  number  of  short  electric  sparks.  The 
electricity  for  these  sparks  is  supplied  by 
a  steam-driven  dynamo.  The  shaft  of 
the  nitrifier  is  caused  to  rotate  so  that 
the  rubbing  of  metallic  contacts  over  one 
another  produces  a  succession  of  small 
disruptive  discharges.  At  the  same  time 
a  current  of  moist  air  is  blown  through 
the  nitrifier.  The  air  coming  from  the 
nitrifier  and  the  chamber  is  charged  with 
nitrogen.  The  nitric  acid  is  absorbed 
by  passing  through  an  absorption  tower, 
through  which  a  solution  of  caustic  soda 
is  permitted  to  trickle.  Professor  Chan- 
dler, in  a  report  made  on  this  device, 
states  that  the  apparatus  was  capable  of 
producing  nitric  acid  at  a  cost  less  than 
1.6  cents  to  the  pound,  of  70  per  cent 
acid.  The  market  price  of  nitric  acid  at 
the  time  the  report  was  made  was  5  cents 
a  pound.  With  an  apparatus  of  the  size 
of  the  one  experimented  on.  the  yield 
was  about  8,766  pounds  of  70  per  cent 
nitric  acid  per  annum. 

Since,  as  is  well  known,  nitrate  of  soda 
possesses  marked  fertilizing  powers,  it 
can   be   seen  how   important  this  effect 
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produced  by  electric  discharges  must  be 
on  the  ability  of  the  world  to  grow  wheat. 
The  nitro  supply  of  South  America  being 
almost  exhausted,  no  little  anxiety  had 
been  produced  in  the  minds  of  many 
able  men  as  to  whether  a  serious  calam- 
ity was  not  facing  the  world  by  reason 
of  the  lack  of  a  proper  fertilizer.  Now, 
however,  nitric  acid  can  be  produced  di- 
rectly from  the  atmosphere  by  the  pas- 
sage of  electric  sparks  through  it. 

There  are  many  other  examples  of 
chemical  combinations  being  produced 
under  the  influence  of  electric  discharges. 
Among  these  are  the  substances  pro- 
duced in  electric  furnaces;  for,  although 
in  electric  furnaces,  most  of  the  prod- 
ucts produced  are  due  to  the  increase 
in  temperature,  yet  some  are  undoubted- 
ly caused  by  direct  action  of  electric  at- 
tractions. Electric  furnaces  will  be  fully 
described  in  a  subsequent  article. 

When  an  electric  discharge  is  passed 
through  a  sheet  of  paper  moistened  with 
a  starch  solution  in  water  containing  po- 
tassium iodide  or  iodine  combined  with 
potassium,  a  decomposition  is  produced. 
The  iodine,  appearing  at  the  anode, 
stains  the  paper  blue.  By  this  test,  it  is 
not  only  shown  that  an  electric  current  is 
passing,  but  the  direction  in  which  the 
current  passes  can  also  be  determined, 
for  an  electric  discharge  or  current  al- 
ways passes  from  the  positive  to  the  neg- 
ative or  from  the  anode  to  the  cathode. 
Since  the  blue  color  appears  at  the  anode 
it  is  thus  shown  that  the  wire  or  terminal 
touching  the  paper  at  this  point  is  the 
anode  or  positive  terminal. 

(To  be  continued.) 


[SMOKE  RINGS  AND  HIGH-TENSION 
WIRES. 

At  a  recent  meeting  of  a  technical  so- 
ciety, Dr.  Carl  Hering  of  Philadelphia 
related  a  rather  interesting  incident.  He 
was  riding  on  a  train  near  the  high-ten- 
sion transmission  wires  at  Niagara  Falls 
when  he  noticed  that  as  the  smoke  and 
steam  from  the  locomotive  crossed  the 
wires  it  formed  into  circular  rings 
around  the  wires  as  centers.  It  was 
quite  a  striking  phenomenon.  Evidently 
there  must  be  some  dissipation  of  energy 
from  the  wires  to  cause  the  smoke  to 
form  into  rings.    This  represents  a  loss, 


although  trifling,  of  course,  and  is  a  sub- 
ject which  has  recently  been  carefully 
investigated.  It  is  now  thought  that  at 
a  certain  voltage  of  transmission,  called 
the  "critical  point,"  a  very  appreciable 
loss  begins,  and  it  is  at  this  point  that  the 
luminous  discharge,  visible  at  night,  be- 
comes manifest. 


LAMP  POSTS  WITH  FLOWER  BOXES. 

In  Vienna  in  the  public  parks  and  in 
the  Ringstrasse,  which  is  much  like  a 
park,  the  city  authorities  have  provided 
some  very  handsome  lamp  posts  one  of 
which  is  illustrated  herewith.  These 
poles  are  of  rolled  steel  and  are  much 
higher  than  those  commonly  used  in  the 
United  States,  the  lamps  being  suspend- 
ed from  33  to  40  feet  from  the  ground. 


LAMP   POST   AND   FLOWER   BOX. 

Each  is  provided  with  a  flower  box  about 
half  way  up,  and  this  receptacle  is  kept 
filled  with  flowers  or  ornamental  plants. 
The  effect  is  most  pleasing.  Two  of  these 
beautiful  poles  are  to  be  placed  in  a  Bos- 
ton park.  But  American  engineers  criti- 
cise the  height  of  the  arc  lamps,  for  in 
this  country  a  height  of  from  20  to  25 
feet  is  considered  best  for  practical  il- 
lumination. However,  the  flowers  and 
the  beauty  of  design  could  be  adapted 
to  a  shorter  pole  without  difficulty. 
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THE  ELECTRICAL  VEINS  OF  A  CITY. 

Wandering  from  street  to  street,  now  un- 
derground, now  overhead,  two  innocent  look- 
ing little  copper  wires  carry  that  mysterious 
force — electricity — which  you  may  use  for  one 
purpose,  your  neighbor  for  another.  Did  you 
ever  stop  to  think  of  these  wires,  with  their 
various  branches  and  sub-branches,  as  the 
arteries  and  veins  of  a  modern  city?  Such 
they  are,  and  they  pulsate  with  energy  which 
furnishes  the  life  for  a  thousand  industries 
and  modern  comforts  to  a  million  homes. 
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SIERRA  CASA,"  THE  HOME  ELECTRICAL. 


BY  P.  J.   O  GARA. 


IN  the  foot-hills  of  the  Sierra  Nevada 
mountains,  about  50  miles  east  of 
Sacramento,  near  the  little  town  of 
Colfax,  is  situated  the  farm  of  Mr.  Ellis 
Franklin,  a  retired  business  man  of 
prominence,  of  Sacramento.  Through- 
out the  foot-hills  there  are  many  beauti- 
ful trout  streams,  and  one  of  these  winds 
its  way  through  Mr.  Franklin's  farm 
where,  after  a  series  of  falls  and 
rapids,  it  finally  plunges  into  the  turbu- 
lent Bear  river.  At  times  this  little, 
stream  becomes  a  raging  torrent,  but 
during  the  summer  months  the  flow  is 
restricted  to  a  few  miners'  inches.   With- 


brou^te^nto  action.  The  washer  and 
wringer  no  longer  require  the  old  China- 
man for  their  operation. 

As  the  flow  of  water  during  the  sum- 
mer months  is  relatively  small  it  was 
first  necessary  to  provide  a  reservoir  to 
store  up  a  considerable  supply  of  water. 
Happily  the  problem  was  soon  solved 
and  at  a  very  slight  expense.  An  old 
miners'  ditch  which  had  been  used  by 
the  early  placer  gold  miners  was  so  situ- 
ated that  a  part  of  it  having  verv  little 
fall  could  be  used  as  a  reservoir,  having 
a  maximum  storage  capacity  of  about 
100,000  cubic  feet. 


"SIERRA    CASA,"    THE  HOME   ELECTRICAL. 


out  materially  lessening  the  beauties  of 
the  natural  scenery,  this  little  stream  has 
been  harnessed  to  do  the  heating,  light- 
ing and  cooking  and  most  of  the  me- 
chanical operations  on  the  premises. 

Nor  is  this  all,  the  power  plant  fur- 
nishes energy  for  pumping  water  which 
is  piped  through  the  house  for  the 
kitchen,  bathroom  and  laundry.  Then, 
too,  there  is  water  for  the  lawn  and  the 
small  garden,  -and  in  case  of  fire,  a  hose 
connected     to     the     standpipe     can     be 


From  the  lower  end  of  the  ditch, 
which  is  provided  with  a  pressure  box, 
admitting  water  to  the  intake,  a  six-inch, 
No.  14,  riveted  steel,  slip- joint  pipe  445 
feet  in  length  was  carried  to  the  foct  of 
the  falls,  where  the  power  house  is  situ- 
ated. There  is  no  trouble  from  snow  or 
ice,  for  we  must  remember  that  "Sierra 
Casa,"  as  the  place  is  familiarly  called, 
is  situated  in  the  most  delightful  part  of 
"Sunny  California." 

The    power   house    is    surrounded    by 
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magnificent  oaks  and  pines.  It  is  a  well 
built  structure,  18  by  8  feet,  with  a 
seven-foot  wall  plate,  and  strong  enough 
to  support  machinery  much  heavier  than 
is  needed  to  furnish  the  required 
amount  of  power.  The  water  wheel  is  a 
two-foot  Pelton  of  special  design  and  is 
furnished  with  ring-oiling  bearings,  thus 
requiring  practically  no  attention.  It 
works  under  an  effective  head  of  75  feet. 
One  end  of  the  shaft  carries  a  24-inch 
pulley  with  a  six-inch  face  and  extra 
heavy  rim,  so  that  with  the  heavy  water 
wheel  the  couple  act  as  a  flywheel  in 
maintaining  absolutely  constant  speed 
which  is  so  necessary  in  the  operation  of 
dynamos  for  incandescent  lighting.    The 


Careful  tests  showed  that  the  one- 
inch  nozzle  develops  2.74  horsepower 
and  the  1%-inch  nozzle,  six  horsepower. 
The  water  is  supplied  to  the  wheel 
through  a  3^-inch  valve  operated  by  a 
five-foot  lever,  full  valve  being  obtained 
by  swinging  the  lever  through  80  de- 
grees of  arc.  The  lever  may  be  operated 
either  in  the  power  house  or  from  the 
residence  about  a  quarter  of  a  mile  dis- 
tant. The  manner  of  operating  it  will 
be  described  later. 

The  electrical  machinery  in  the  power 
house  consists  of  a  compound  wound, 
240-volt  generator,  with  a  normal  capa- 
city of  4^  kilowatts,  or  about  six  horse- 
power.    It  is  driven  at  a  constant  speed 
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AN  OLD  MINERS'  DITCH  FORMED  THE  RESERVOIR. 


other  end  of  the  shaft  carries  the  gov- 
ernor pulley.  Three  nozzles,  one  inch, 
i'34  inches  and  iy2  inches,  respectively, 
are  provided  and  can  be  easily  inter- 
changed as  desired.  The  size  of  the 
nozzle  to  be  used  depends  upon  the 
amount  of  power  required,  although  a 
minimum  amount  of  water  may  be  used 
with  the  largest  nozzle  in  place  through 
control  at  the  gate-valve  which  admits 
the  water  to  the  wheel.  However,  where 
economy  of  water  is  desired,  in  case  a 
small  amount  of  power  is  needed,  the 
smallest  nozzle  with  full  gate  is  most 
economical. 


of  1,200  r.  p.  m.  by  a  four-inch,  four- 
plv  rubber  belt  from  the  water  wheel 
pulley. 

Current,  at  an  initial  pressure  of  240 
volts,  is  carried  to  the  distributing  board 
in  the  residence  about  a  fourth  of  a  mile 
distant,  over  a  No.  8  hard  drawn  copper 
transmission  line,  strung  on  20- foot 
poles  with  four-foot  cross  arms,  the 
poles  averaging  about  100  feet  apart. 
The  voltage  drop  is  such  that  the  volt- 
meter on  the  switchboard  at  the  resi- 
dence indicates  220  volts.  The  residence 
and  Mr.  Franklin's  den,  an  artistic  log 
cabin,  are  lighted  by  four  circuits  carry- 
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ing  a  total  of  about  50,  220- volt,  16-can- 
dle  power  incandescent  lamps.  The 
other  lighting  circuit  runs  to  the  barns 
and  other  outbuildings.  The  motor  cir- 
cuit connects  with  a  three-horsepower, 
220-volt   motor,   which   is   placed   in   the 
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a  flexible  wire  cable.  The  cables  pass 
from  the  drums  upward  to  pulleys  fast- 
ened to  the  side  of  the  house,  then 
through  a  single  block  tackle  and  the 
ends  returned  to  a  staple  in  the  wall. 
The   pulley   blocks   are   attached   to   two 


MR.    FRANKLTN   IN  HIS   POWER   PLANT. 


POWER    PLANT    TN    OPERATION. 


basement,  and  besides  operating  a  cen- 
trifugal pump,  this  little  machine, 
through  line  shafting,  drives  the  wash- 
er, wringer,  churn,  cream  separator, 
grindstone  and  a  circular  saw  for  saw- 
ing up  wood  into  stove  lengths. 


galvanized  iron  wires  strung  over  pul- 
leys on  the  poles  just  beneath  the  copper 
transmission  line.  These  wires  pass 
through  bushings  into  the  power,  house, 
the  ends  being  connected  to  a  flexible 
wire  cable  passing  through  two  pulleys, 


DISTRIBUTING  BOARD  IN   THE  RESIDENCE. 


THE  "DEN." 


It  is  not  necessary  for  anyone  to  go  to 
the  power  house  to  turn  the  power  on  or 
off;  that  is,  to  start  or  stop  the  water 
wheel.  To  the  right  of  the  switchboard 
is  a  crank  attached  to  a  shaft  passing 
through  the  wall  to  the  outside.  This 
shaft  carries  two  winding  drums  about 
two  inches  in  diameter  and  securely 
keved  to  it.  Around  each  drum  is  wound 


one  on  each  side  wall  and  directly  in  line 
with  the  gate  valve  lever  before  men- 
tioned. The  upper  end  of  the  lever, 
which  is  about  five  meet  long,  passes 
through  an  iron  ring  which  is  connected 
by  two  single  pulley  blocks  to  the  flex- 
ible cables.  When  the  crank  at  the  resi- 
dence is  turned  to  the  right,  or  in  the 
direction   marked    "On,"    the   s^ate   valve 
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lever  is  drawn  to  the  right  and  the  valve 
opened,  admitting  water  to  the  wheel. 
Turning  the  crank  at  the  residence  in 
the  opposite  direction,  closes  the  valve. 
Owing  to  the  small  diameter  of  the 
winding  drum  and  the  added  purchase 
of  the  pulley  blocks,  the  valve  is  zo  eas- 
ily operated  that  a  child  can  turn  the 
power  on  or  off.  An  electric  buzzer  on 
the  switchboard  tells  when  the  gate- 
valve  is  tightly  closed. 

The  residence  is  beautifully  lighted. 
Lamps  aggregating  fully  900  candle 
power  make  the  rooms  as  cheerful  and 
pretty  as  any  city  home.  Elegant  fix- 
tures, harmonizing  with  the  interior, 
make  one  almost  forget  that  he  is  living 
on  the  farm.  *  Outside,  the  broad  ver- 
andas, with  their  pendant  electric  bulbs 
and  lanterns,  add  to  the  charm  of  this 
country  home.  The  farm  laborers  also 
share  in  the  luxury  of  electric  lighting. 
In  their  little  cottage,  which  is  apart 
from  the  residence,  electric  lamos  are 
provided  for  the  bedrooms  and  for  the 
library  where  the  men  pass  their  even- 
ings. 

But  lighting  is  only  one  use  to  which 
the  power  is  put.  Down  in  the  basement 
the  three-horsepower  motor,  which  has 
its  own  switch  and  starting  rheostat  at 
the  switchboard,  rims  a  horizontal  cen- 
trifugal pump,  which  lifts  water  from  an 
almost  inexhaustible  well  to  a  reservoir 
dug  in  the  hillside  and  connected  to  the 
pump  by  a  two-inch  pipe  250  feet  long. 
The  reservoir  has  a  capacity  of  about 
6,000  gallons,  and  is  placed  40  feet  above 
the  level  of  the  pump,  furnishing 
kitchen,  bathroom,  and  laundry  with  wa- 
ter at  a  good  pressure.  In  the  front  yard 
there  is  hose  connection  with  a  hydrant 
which  furnishes  water  for  the  lawn  and 
also  adds  security  to  the  home  in  case  of 
fire. 

In  the  kitchen  electrical  cooking  and 
heating  devices  are  liberally  employed. 
During  warm  summer  days  the  electric 
stove  is  often  connected  to  one  of  the 
lamp  sockets  on  the  veranda  and  the 
luncheon  prepared  in  the  cooling  breeze 
of  an  electric  fan,  thus  avoiding  the  use 
of  the  hot  kitchen  stove.  The  use  of 
electric  flatirons  also  does  away  with  the 
old  stove  formerly  so  necessary  on  iron- 
ing day. 


During  the  winter  when  there  is  al- 
ways sufficient  water  for  continuous  op- 
eration at  full  load,  electric  heaters  are 
used  instead  of  the  small  wood  stoves, 
which  formerly  kept  a  man  busy  most  of 
the  time. 

As  all  farm  plants  should  be,  this  little 
electric  plant  is  as  nearly  "fool  proof"  as 
was  possible  to  make  it.  Further  than 
this,  it  requires  practically  no  attention, 
and  the  power  house  need  not  be  visited 
more  than  once  a  week,  if  as  often  as 
that. 

Every  night  in  the  year  the  plant  car- 


TEA  TIME  IN  THE  HOME   ELECTRICAL. 

ries  an  average  of  30  to  40  lights  from 
dusk  till  midnight  and  after  that  time  a 
lesser  number.  With  the  other  services 
it  performs  during  the  daytime,  the 
amount  of  electrical  energy  used  on  this 
farm,  if  valued  at  the  rate  of  ten  cents 
per  kilowatt-hour,  would  be  worth  more 
than  $700  per  year.  When  we  consider 
the  fact  that  the  plant  did  not  cost  more 
than  $1,500,  which  includes  costly  fix- 
tures, the  water  works  system  and  all 
appurtenances,  we  find  that  it  is  paying  a 
handsome  profit  on  the  investment.  Rut 
this  is  only  one  way  of  looking  at  it. 
The  pleasures  and  conveniences  it  has 
added  to  farm  life  cannot  be  measured 
by  dollars  and  cents.  It  has  added  a 
charm  to  country  life,  such  as  no  other 
investment  of  an  equal  amount  could 
possibly  have  done. 


HOW  IT  MIGHT  HAPPEN. 


Many  street  car  accidents  occur 
through  the  carelessness  of  the  victims 
themselves,  who  fail  to  observe  the  ordi- 
nary rules  of  caution.  These  rules  have 
been  explained  time  and  again,  but  they 
apparently  need  constant  repetition. 
Realizing  this  to  be  the  case,  Stone  & 
Webster  of  Boston,  who  operate  25  or  30 
railway  properties  in  various  parts  of  the 
country,  have  instituted  a  comprehensive 
campaign  of  public  education. 

The  idea  is  to  take  space  in  the  news- 


papers of  the  cities  wherein  their  lines 
are  operated  and  fill  this  space  with 
"copy"  consisting  of  31  heart  to  heart 
talks  on  the  various  phases  of  the  acci- 
dent problem.  These  advertisements  are 
frank  and  concise  and  point  out  that  it  is 
to  the  interest  of  the  traction  company 
as  well  as  the  patrons  of  the  road  to 
avoid  such  accidents,  and  pointing  out 
means  by  which  the  people  may  co-oper- 
ate with  the  company  in  reducing  the 
danger. 


This  company  is  trying  to  prevent  this  accident  happening  to  you. 
You  ought  to  be  interested.  You  ought  to  be  willing  to  be  careful  enough  not 
to  get  off  a  car  and  walk  behind  it  in  front  of  another,  or,  where  there  is  a 
single  track,  in  front  of  a  swiftly  moving  vehicle.  Remember  that  no-one 
expects  to  see  you  dive  out  from  behind  the  car.  The  first  that  is  seen  of  you 
is  when  you  are  under  the  wheels  or  the  horse's  hoofs. 

Wait  a  second.  Look.  Open  your  ears.  Then  cross  safely  and  go 
home  without  the  help  of  an  ambulance.  It  will  surprise  you  to  find  out  how 
careless  are  the  women  in  your  family  —  at  least  in  this  matter  Watch 
them.    It  will  call  attention  to  your  own  carelessness,  perhaps. 

Sample  of  Advertisement   Used   in    Educational   Campaign 


The  motorman  knows  that  this  is  the  saddest  accident  in 
the  whole  list.  A  little  child  comes  out  suddenly  from  behind  a 
tree  or  wagon  and  runs  quickly  across  the  track— after  a  ball 
perhaps.  The  child  is  busy  — intent  upon  its  play.  The  motor- 
man  is  straining  every  muscle  in  his  body  to  stop  the  carl  But  it 
simply  CANNOT  be  done  in  time.  Not  with  the  best  car  ever 
built  or  the  best  motorman  who  ever  handled  a  brake.  The  wheels 
go  over  and Suppose  it  was  YOUR  little  boy  or  girl. 

Keep  the  children  from  playing  in  the  streets.  Tell  them 
EVERY  day  to  look  out  for  wagons  and  street  cars. 

Sample   of   Advertisement    Used    in    Educational   Campaign 


DID  NOT  WAIT 
POF  CRR  TO  STOP 
BEFORE  GETTING  OrF. 


Suppose  It  were  you?  A  long  time  spent  In  repairing  your  body. 
Expense  I    Perhaps  death  TOMORROW. 

What  difference  would  it  make  that  you  had  got  off  moving  cars 
safely  —  "  over  a  thousand  times  ?  "  That  fact  would  not  remove  your  pain, 
heal  your  skin,  wipe  the  blood  out  of  your  eyes  or  pay  the  doctor's  bill.  It 
would  not  bring  back  health.    Or  comfort  your  family  if  you  were  buried. 

Why  not  let  the  "  thousand  times  "  be  enough. 

Once  more?— It  might  be  the  last  time!  Your  fault.  "Walt  till  the 
cat  stops"— actually  STOPS. 

Say  this  to  your  wife  or  husband,  your  children,  your  pupils  or  em- 
ployees. If  they  met  death  because  you  had  not  cautioned  them  you  would 
blame  yourself  all  your  life. 

Sample   of  Advertisement    Used   In    Educational   Campaign 


Here  is  a  catastrophe  that  would  not  happen  if 
drivers  of  vehicles  would  not  drive  rapidly  out  of  a 
cross  street  and  across  the  tracks.  A  driver  was  ask- 
ed once  what  he  did  all  day.  "Sometimes  I  sit  on  the 
seat  and  think"  he  said  "and  sometimes  I  just  SIT." 
Caution  your  driver  to  think— and  listen  and  look— 
and  go  slow  —  when  he  comes  out  of  a«cross  street  to 
go  over  the  car  tracks. 

There  would  be  no  excuse  for  you  if  you  read  this 
and  forgot  it.  What  apologies  would  you  make  to 
the  dead  horse  ? 

Sample    of   Advertisement    Used    in    Educational    Campaign 
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GAS  ENGINE  IGNITION  BY  ELECTRIC 
SPARK. 

To  most  people  the  operation  of  a  gas 
engine  is  somewhat  of  a  mystery.  The 
principle,  however,  is  comparatively  sim- 
ple. We  have  the  cylinder,  in  which  a 
close  fitting  piston  moves  back  and  forth 
as  in  a  steam  engine.  Gas  and  air,  of 
the  right  proportions,  are  admitted  back 
of  the  piston  and  ignited.  The  explosion 
which  follows  forces  the  piston  forward. 
Of  course  the  operations  are  all  auto- 
matic when  the  engine  is  once  started 


READ   HERE 
VOLTAGE   OF  BATTERY. 
AMPERE    DISCHARGE. 
AMPERE   CHARGE. 


s      --ONE    SWITCH 
^CONTROLS   IGNITION    AND 
VOLT   AMPEREMETER 


TREAT   THESE  WIRES  FROM  HERE  + 


- 


COIL  8r/ENGiNE  THE  SAME  AS  IF  FROM  A  BATTERY. 


BATTERY  FLOATING 
ON  LINE   AND   ACTING 
AS  RESERVOIR. 


AUTOMATIC 
BATTERY  CHARG 


GAS   ENGINE   IGNITION   SYSTEM. 


and  there  are  factors  involved  outside  of 
the  general  principle  just  stated;  for  in- 
stance, the  gas  and  air  must  be  com- 
pressed by  the  return  stroke  of  the  piston 
to  just  the  right  "compression"  before 
they  are  ignited,  and  this  compression 
must  be  carefully  regulated  to  secure 
best  results. 

There  are  various  ways  of  igniting  the 
explosive  mixture,  but  the  most  effective 
is  by  the  use  of  an  electric  spark.  Two 
methods  of  producing  the  spark  are 
chiefly  employed,  known  as  the  "make- 
and-break"  and  "jump-spark"  methods. 
The  first  consists  in  simply  breaking  an 
electric  circuit  within  the  cylinder  at  the 
proper  time.  This  break  results  in  a 
small  spark  which  ignites  the  gas.  By 
the  second  method  a  spark  is  caused  to 
jump  across  between  two  slightly  sep- 
arated terminals  within  the  cylinder.  In 
order  to  make  the  spark  jumo  it  is  neces- 
sary to  employ  an  induction  coil  with  a 
high  voltage  secondary  winding. 

Current  for  the  electrical  ignition  sys- 
tems is  provided  by  small  dynamos,  mag- 
neto generators,  storage  batteries  or  pri- 
mary cells.  An  admirable  ignition  sys- 
tem has  recently  been  perfected  which 
is  called  a  "dynamo-floating  storage  bat- 


tery ignition  system."  How  this  system 
is  connected  and  operated  is  shown 
plainly  in  the  diagram. 

There  is  first  an  automatic  ignition 
dynamo  which  is  driven  by  the  gas  en- 
gine itself  and  which  generates  the  cur- 
rent for  charging  the  storage  battery. 
An  automatic  device  connects  the  dyna- 
mo to  the  battery  only  when  the  former 
attains  the  proper  speed  and  voltage  to 
charge  the  battery.  The  battery  in  turn 
furnishes  the  current  for  ignition ;  it  acts 
as  a  reservoir  to  provide  current  of  con- 
stant voltage  to  operate  the  coils  success- 
fully. In  addition  it  provides  current  for 
ignition  when  starting  the  engine,  at 
which  time  the  dynamo  is  of  course 
•standing  still.  The  ammeter  on  the 
switchboard  at  the  top  enables  the  opera- 
tor to  ascertain  at  a  glance  the  amperes 
being  consumed  by  the  spark  coil,  or,  by 
simply  turning  the  switch,  the  rate  at 
which  the  dynamo  is  storing  current  in 
the  battery. 


Every  village  and  hamlet  on  the 
Canal  Zone,  Isthmus  of  Panama,  be- 
tween La  Boca  and  Gorgona,  is  lighted 
by  electric  lights. 


POWER  GENERATION  FOR  THE  INLAND  EMPIRE. 


About  13  miles  from  the  city  of  Spo- 
kane, Wash.,  the  Spokane  River  passes 
through  a  picturesque  granite  rock  can- 
yon. In  a  narrow  part  of  the  gorge  a 
dam  of  cyclopean  masonry  has  been  con- 
structed, 228  feet  long,  58  feet  high  and 
66  feet  in  thickness  at  the  bottom.  This 
dam,  and  the  power  house  which  is  built, 
at  one  end,  hold  back  an  enormous  body 


all  times  held  in  reserve.  Water  from 
the  reservoir  falls  under  a  head  of  58 
feet  and  turns  the  blades  of  the  water 
turbines  located  in  a  compartment  in  the 
lowest  floor  of  the  power  house.  The 
shafts  of  the  turbines  are  horizontal  and 
project  through  into  the  dynamo  room, 
carrying  the  revolving  armatures  of  the 
dynamos. 


By  Courtesy  01  the  Street  Railway  Journal, 
POWER   PLANT   OF    THE    INLAND   EMPIRE    SYSTEM. 


of  water,  capable  of  generating  continu- 
ously 15,000  horsepower  of  electrical  en- 
ergy. This  new  plant  is  now  furnishing 
all  the  electric  current  required  for  the 
operation  of  the  Spokane  and  Inland  Di- 
vision of  the  Inland  Empire  System  of 
electric  railways,  comprising  130  miles 
of  well-built  track  with  cars  and  electric 
locomotives.  In  addition  it  furnishes  the 
lighting  current  for  the  town  of  Rosalia, 
Wash. 

Four  great  generating  units,  of  5,000 
horsepower  capacity  each,  are  installed 
in  the  power  house,  one  unit  being  at 


A  man  at  the  switchboard,  by  the  aid 
of  a  simple  electrical  device,  controls  the 
governing  arrangement  on  the  water 
turbines,  which  in  turn  controls  the 
speed  of  the  turbines  within  iy2  per  cent. 
The  rotating  parts  of  each  dynamo 
weigh  44,800  pounds  and  turn  at  the 
rate  of  240  revolutions  a  minute.  The 
power  of  these  moving  parts  can  hardly 
be  comprehended.  It  is  equal  to  that  of 
a  574,400  pound  weight  being  revolved 
on  an  arm  one  foot  long  at  four  revolu- 
tions a  second.  It  is  no  wonder,  then, 
the  power  generated  is  capable  of  mov- 
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ing  whole  trains  miles  away  on  the  rail- 
way lines. 

Yet  all  this  mighty  power  is  controlled 
and  manipulated  with  ease  by  one  or  two 
men  at  what  is  called  the  master  switch- 
board, which  is  situated  in  a  gallery  over- 
looking all  the  machines  in  the  dynamo 
room.  The  man  at  the  switchboard  does 
not,  by  his  own  efforts,  throw  the  great 
switches  which  actually  cut  the  dynamos 
in  or  out  of  service,  or  the  rheostats 
which  control  the  strength  of  the  dyna- 
mo fields.  This  work  is  no  longer  done 
by  hand  in  the  big  power  plants.  He 
simply  pushes  a  button  or  throws  a  little 
hand  switch  which  closes  secondary  cir- 
cuits to  electric  motors,  and  these  latter 
do  the  actual  work  of  moving  the  heavy 
parts  of  the  main  switches,  rheostats,  cir- 
cuit-breakers, etc.  From  this  same  point 
he  also  controls  the  flow  of  water  to  the 
turbines,  starting  and  stopping  any  unit 
at  will. 

Current,  after  it  is  generated  by  the 
dynamos,  at  2,200  volts,  is  carried  to 
great  oil-insulated,  water-cooled  trans- 
formers. These  transformers,  which 
weigh  42,000  pounds  each,  take  the  com- 
paratively low  voltage  current  and  "step 
it  up"  to  a  high  voltage  for  the  transmis- 
sion lines  which  transmit  it  to  the  various 
centers  of  distribution  many  miles  away, 
where  it  is  stepped  down  to  a  voltage 
suitable  for  the  operation  of  the  cars. 


LOCOMOTIVE  DISCHARGES  AND 
INSULATION. 

In  the  electrification  of  steam  railroads 
one  interesting  point  that  has  been  de- 
veloped by  actual  service  is  the  effect  of 
steam  locomotive  discharges  upon  insula- 
tors. Experience  has  proved,  according 
to  Mr.  W.  S.  Murray  of  the  New  York, 
New  Haven  &  Hartford,  that  just  about 
double  the  amount  of  insulation  is  re- 
quired that  it  was  thought  would  be  nec- 
essary. It  was  quickly  noted  that  the 
greatest  number  of  insulator  failures  oc- 
curred wherever  the  insulation  was  sub- 
ject to  the  direct  blast  of  the  steam  loco- 
motive. It  was  necessary  to  provide 
special  means  to  meet  this  difficulty,  and 
the  fact  is  of  interest  as  showing  the 
one  of  several  factors  that  enter  into  the 
problem  of  electrically  equipping  rail- 
roads on  which  steam  locomotives  are 
still  employed. 


ELECTROCUTING    AN    ARMY    OF    ANTS. 

A  peculiar  and  destructive  ant  had  de- 
fied all  efforts  to  put  it  out  of  business  in 
the  gardens  and  dwellings  of  the  people 
whom  the  work  on  the  Panama  Canal 
had  called  to  that  tropical  region  by  the 
thousands.  The  cultivation  of  vegetables, 
which  was  a  very  important  matter,  was 
made  next  to  impossible,  and  the  ants 
likewise  invaded  the  houses  and  bored  in- 
to and  honey-combed  the  woodwork  and 
furniture.  All  sorts  of  insecticides  and 
deadly  chemicals  proved  to  be  but  tem- 
porary checks  to  the  attacks  of  the  ants, 
which  came  from  the  jungles  in  regular 
army  ranks  and  array — millions  of  them. 

Edward  Schildauer,  an  electrical  and 
mechanical  engineer  on  Col.  Goethal's 
designing  staff,  concocted  all  kinds  of 
enticing  "mixed  drinks"  calculated  to  ap- 
peal to  the  tastes  of  the  hymenopterous 
insects.  He  mixed  chemical  solutions  in 
which  the  ants  were  supposed  to  bathe 
and  then  die.  His  experiments  met  with 
no  success,  however,  until  he  turned  his 
attention  to  electrical  methods. 

Mr.  Schildhauer  went  into  his  garden 
at  Culebra  one  morning  armed  with  a 
dozen  batteries,  a  few  yards  of  insulated 
wire  and  two  files.  He  had  observed 
that  the  ant  army  entered  his  garden 
from  only  one  point,  and  he  found  the 
path.  He  laid  across  it  two  parallel  steel 
files  and  connected  up  each  on  the  cir- 
cuit. As  the  ants  stepped  from  one  file 
to  the  other  they  were  electrocuted,  but 
they  soon  found  out  something  was 
wrong  and  they  diverted  their  path, 
marching  around  Schildhauers  electrical 
clam. 

Believing  then  that  electrical  destruc- 
tion was  impracticable,  Mr.  Schildhauer 
gave  it  up,  whereupon  Mr.  Tucker,  his 
associate,  saw  greater  possibilities,  and 
he  went  to  work  with  an  electrical  plan 
large  in  scope  and  scale.  He  smoothed 
off  the  ground  around  his  garden  and 
made  a  level  path  for  about  50  yards  of 
copper  wire,  and  protected  it  from  short 
circuits.  Pie  connected  the  wire  with  a 
powerful  battery,  and  the  moment  an  ant 
army  approached  it  the  leaders  were 
killed.  With  their  generals,  majors  and 
captains  gone,  the  army  shifted  to  an- 
other route,  but  the  electrical  destruc- 
tion was  repeated.  Repeatedly  the  ants 
assaulted  the  garden  barrier,  but  without 
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success.  Then  they  retreated  to  the  jun- 
gle and  gave  up  the  attack  for  several 
days,  only  to  return  with  unlimited  num- 
bers. The  attack  on  the  wires  was  a  bold 
one.  The  indomitable  little  creatures 
literally  stormed  the  copper  breastworks, 
but  only  to  meet  defeat.  Not  until  the 
wire  barricade,  every  touch  of  which  was 
death,  was  piled  with  tens  of  thousands 
of  dead  ants  did  the  assault  on  it  cease, 
and  Mr.  Tucker's  garden  and  premises 
became  conspicuous  by  the  absence  of  all 
ants. 


WHY  THE  TUNGSTEN  LAMP  IS  EFFICIENT. 

The  question  is  often  asked,  "Why  is 
the  new  tungsten  lamp  more  ■  efficient 
than  the  carbon  filament  lamp?"  The 
reason  lies  in  the  fact  that  the  tungsten 
filament  can  be  operated  at  a  much  high- 
er temperature  and  consequently  greater 
brilliancy  than  can  the  carbon  filament. 
The  fusing  or  boiling  point  of  carbon  is 
in  the  neighborhood  of  4,000°  C,  but 
long  before  that  temperature  is  reached 
the  carbon  begins  to  slowly  vaporize, 
coating  the  interior  of  the  lamp  bulb  with 
a  dark  deposit  which  screens  the  light 
and  destroys  the  effectiveness  of  the 
lamp.  Carbon  filament  lamps  must 
therefore  be  designed  to  operate  at  a 
temperature  just  below  the  point  where 
this  vaporization  becomes  objectionable. 

The  metal  tungsten,  of  which  the  tung- 
sten lamp  filament  is  composed,  has  a 
boiling  or  fusing  point  lower  than  that 
of  carbon.  But  tungsten  does  not  vapor- 
ize to  any  appreciable  extent  even  up  to 
its  fusing  temperature,  consequently  the 
tungsten  filament  can  be  operated  at  a 
temperature  nearly  uo  to  the  fusing 
point,  and  this  temperature  is  consider- 
ably higher  than  the  practicable  tempera- 
ture of  the  carbon  filament,  which  is  the 
point  where  vaporization  becomes  objec- 
tionable. 

As  brought  out  by  Dr.  C.  P.  Steinmetz 
in  a  recent  lecture  before  the  Chicago 
branch  of  the  American  Institute  of  Elec- 
trical Engineers,  although  carbon  has 
now  lost  first  place  as  a  filament  material, 
as  far  as  efficiency  is  concerned,  having 
now  been  out-distanced  by  several  metals, 
there  is  a  possibility  that  it  will  sometime 
take  the  lead  again.  As  stated  above, 
carbon  has  the  highest  fusing  tempera- 
ture of  any  substance,  and  if  only  some 


allotropic  form  of  carbon  can  be  discov- 
ered which  will  not  noticeably  evaporate 
before  the  fusing  point  is  reached  we  will 
have  the  ideal  substance  for  lamp  fila- 
ments, which  may  be  operated  at  a  tem- 
perature and  brilliancy  rivaled  only  by 
the  carbon  arc. 

When  we  look  at  the  little,  hair-like 
filament  in  a  lamp  it  does  not  appear  to 
be  much — we  are  inclined  to  think  almost 
any  substance  ought  to  do  the  work.  But 
on  this  same  little  filament,  since  the 
days  of  the  first  Edison  lamps,  the  ener- 
gies of  hundreds  of  engineers  and  scien- 
tists have  been  expended.  And  they  are 
still  working  on  the  same  problem ;  some 
trying  to  find  new  metals  for  the  purpose, 
others  delving  in  chemistry  to  discover 
allotropic  forms  of  carbon — all  seeking 
to  get  just  a  little  more  light  for  the 
energy  consumed. 


THE  ILLUMINATING  ENGINEER. 

For  the  past  20  years  a  little  band  of 
tireless  workers  has  been  specializing 
in  one  department  of  modern  science. 
This  little  coterie  of  men  has  been  deal- 
in  the  mysteries  of  light  and  artificial  il- 
lumination until  the  practical  application 
of  their  discoveries  has  given  rise  to  a 
new  profession — the  illuminating  en- 
gineer. 

A  few  years  ago  there  were  no  men 
who  specialized  on  planning  for  artificial 
light.  Such  work  was  turned  over  to  the 
architect  of  every  new  building  and  he 
did  the  best  he  could  with  his  meager 
knowledge  of  the  subject.  Now  the  illum- 
inating engineer  is  of  a  recognized  pro- 
fession, and  his  services  are  required 
wherever  a  large  building  is  being 
planned,  be  it  public  or  private. 

It  was  the  invention  of  the  electric 
lamp  in  the  early  eighties  which  made  it 
possible  to  develop  new  and  improved 
ideas  in  regard  to  correct  lighting.  At 
first  the  ingenuity  of  the  embryo  illumi- 
nating engineer  was  taxed  to  develop 
new  scenic  effects  for  the  tKeaters.  Then 
began  the  study  and  application  of  elec- 
tric light  for  large  halls  and  public  build- 
ings, while  for  the  lighting  of  the  home, 
the  stores  and  churches,  the  simplest 
methods  were  long  continued  in  use, 
often  without  regard  for  the  precise  re- 
sults which  might  be  obtained. 
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It  was  the  invention  of  the  more  pow- 
erful illuminants  which  made  necessary 
the  illuminating  engineer.  The  incan- 
descent lamp,  the  improved  electric  arc 
lamps  and  the  new  metallic  filament  in- 
candescent lamps,  such  as  the  new  tan- 
talum and  tungsten,  gave  abundant  op- 
portunities for  illuminating  effects,  and 
at  the  same  time  offered  a  wide  field  for 
the  study  of  light  concentration  and  hu- 
man health  and  happiness  in  rooms  arti- 
ficially lighted 


tion  of  light.  The  shades  are  made  in 
two  different  styles,  known  as  the  deep 
and  the  shallow  types.  The  shallow 
shades  are  used  with  lamps  of  sizes  up  to 
and  including  40-watt  tungsten,  40-watt 
tantalum,  and  40-watt  Gem  lamps.  The 
deep  shades  are  necessary  for  use  with 
lamps  up  to  and  including  100-watt  tung- 
sten, 80-watt  tantalum,  and  125-watt 
Gem  lamps.  Clear  glass  lamps  only 
should  be  used  as  the  light  is  thoroughly 
diffused  by  the  upper  and  lower  shades. 


THE  EXTENSION  DIFFUSER. 

Demands  of  high-grade  illumination 
require  observance  of  both  the  esthetic 
and  scientific  .principles  of  illumination. 
Some  kinds  of  lighting  fixtures  present  a 
very  beautiful  appearance  but  tire  the 
eye  in  a  very  short  time  owing  to  poor 
distribution  of  light  or  too  strong  light. 
Inversely,  the  light  may  be  extremely 
good  for  seeing  but  the  fixtures  may  be 
inartistic  and  out  of  harmony  with  their 
surroundings.  To  meet  the  demands  of 
artistic  and.  efficient  illumination  for 
stores  and  also  for  rooms  with  low  ceil- 
ings the  extension  diffuser  has  been  de- 
signed. 

This  diffuser  consists  of  a  concave  re- 
flector body  of  ornamental  design  to  be 
fastened  to  the  ceiling.  From  this  re- 
flector three  or  six  tungsten  lamps  are 
suspended.     Below  the  lamps,  and  hid- 


THE    EXTENSION     DIFFUSER. 

The  distribution  of  light  from  the  ex- 
tension diffuser  is  not  symmetrical  about 
the  vertical  axis  as  in  most  lighting  units. 
At  angles  approaching  the  horizontal  the 
diffuser  emits  more  light  laterally  than 
longitudinally.    This  is  of  special  advan- 
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LAMP  MOUNTING   IN  THE  EXTENSION  DIFFUSER 


ing  them  from  vision  is  a  shade  of  while 
opalescent  art  glass,  strongly  bound  to- 
gether and  specially  constructed  for 
rigidity.  The  glass  used  in  the  shade  is 
selected  and  arranged  so  as  to  give  maxi- 
mum diffusion  with  the  minimum  absorp- 


tage  in  stores  when  the  equipments  are 
installed  Longitudinally  over  the  center 
of  the  aisle,  the  maximum  light  being 
thrown  out  toward  the  counters  and  stock 

shelves,  very  little  light  being  thrown  di- 
rectly in  the  eves  of  the  customers. 
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ELECTRIC  FAULT  FINDER. 

Armatures  and  field  coils  of  motors 
and  dynamos,  transformer  coils  and  elec- 
trical apparatus  of  a  similar  nature  are 
oftentimes  defective.  A  wire  may  be  brok- 
en or  the  insulation  may  be  punctured 
at  some  point  not  visible  to  the  eye.  One 
way   of   ascertaining  if   such   faults   are 


sists  of  a  battery  box  with  suitable  ter- 
minals and  switches,  which  is  easily 
slung  over  the  operator's  shoulder.  A 
telephone  receiver  is  connected  to  the 
terminals  and  held  in  place  by  a  head 
band.  An  adjustable  rheostat  is  also 
added.  The  test  terminals  are  held  on 
the  terminals  of  the  circuit  to  be  tested 
and  if  the  circuit    is    complete    a    loud 


TESTING  ARMATURE  WITH   ELECTRIC  FAULT    FINDER. 
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TESTING   CRANE  MOTOR  WITH  ELECTRIC    FAULT   FINDER. 


present  is  to  use  a  magneto  and  "ring" 
out  the  armature  or  coil,  that  is,  connect 
the  terminals  of  the  magneto  to  those  of 
the  coil  and  turn  a  crank.  If  the  coil  is 
continuous  the  magneto  bell  rings. 

A  new  way  of  ascertaining  the  pres- 
ence of  tuch  defects  is  with  the  electric 
fault  finder,  which  not  only  detects  the 
faults  but  locates  them  as  well.     It  con- 


sound  is  heard  in  the  receiver.  In  the 
same  way,  to  discover  leaks,  one  test 
terminal  is  held  on  one  terminal  of  the 
armature  and  the  other  on  the  frame  of 
the  machine  or  armature  shaft. 

With  this  device  it  is  possible  to  dis- 
cover leaks,  locate  grounds  and  short  cir- 
cuits, locate  coil  ends,  locate  open  cir- 
cuits, etc. 
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COMMUTATOR  "SPARKING". 

BY   JACOB    GLOGAU. 

Commutator  sparking  is  classified  into 
three  forms,  namely:  Static;  scintillat- 
ing; greenish-yellow. 

Small  bluish  white  sparks  that  are 
often  noticed  are  not  dangerous,  only 
producing  a  slight  heating  effect.  They 
may  be  designated  as  static  sparking. 

The  scintillating  sparking  can  not  ex- 
actly be  called  sparking  because  it  is 
caused  by  dirt  or  carbon  dust,  being 
brought  to  a  white  heat  while  passing 
under  the  brushes  and  appearing  to  cir- 
cle the  whole  commutator. 

The  greenish-yellow  sparking  is  the 
dangerous  form  of  sparking  on  account 
of  the  heating  and  destructive  nature.  In 
such  cases  every  effort  should  be  made 
to  locate  the  trouble  and  remove  it  as 
quickly  as  possible,  because  the  longer 
this  is  delayed  the  more  trouble  will  be 
met  with  at  the  end. 

Following  is  a  table  showing  the  dif- 
ferent causes  of  sparking : 

Static 

Scintillating .  (1)  Dirty  Commutator 

I 


(2)  Incorrect  setting 
of  brushes. 


(3)  Grooves  in  com- 
mutator. 


Greenish 
Yellow... 


Spacing  around  com- 
mutator wrong. 

Armature  rotating 
against  brushes. 

Brushes  not  fitted  to 
commutator. 

Brushes  not  accu- 
rately fitted. 

No  end  play. 

Brushes  not  s  t  a  g- 
gered. 

Brushes  improperly 
set. 

Excessive  tempera- 
ture. Unequalwear. 

Lack  of  attention. 

Excessive  lubrication 

Excessive  tempera- 
ture. Unequalwear. 


I 

(4)  High  or  low  com-  j 

mutator  bars.        I 

(1)  Dirty   commuta-  { 
tor.  1 

(2)  Commutator  out/ 
of  round.  { 

(3)  Brush  tension  too 
small. 

(4)  Open    circuit    in 
armature  coils. 

(5)  Short    circuit    in 
field  windings. 

Sparking  at  the  commutator  is  a  very 
common  trouble  and  is  not  an  objection 
if  it  is  moderate  and  of  short  duration, 
but  when  kept  up  for  a  long  time  serious 
trouble  will  ensue,  such  as  a  burned  or 
rough  commutator,  and  excessive  heat- 
ing. This  can  be  remedied  a  little  by 
proper  design  of  the  machine  and  by  use 
of  carbon  brushes. 

One  of  the  principle  causes  of  spark- 
ing is  overloading  of  the  armature;  that 
is,  too  many  lamps  being  fed  by  the  gen- 


erator. The  armature  becomes  over- 
heated and  the  belts  (if  of  the  belt  type; 
will  begin  to  slip  and  the  only  remedy  is 
to  reduce  the  load  at  once. 

Brushes  not  set  right — The  brushes 
must  be  placed  in  the  neutral  point  on 
the  commutator,  which  can  be  found  by 
shifting  the  brushes  by  means  of  the 
rocker  arm  until  all  signs  of  sparking 
disappear.  The  usual  position  for  the 
brushes  is  opposite  the  space  between  the 
pole  pieces,  but  it  does  not  always  follow 
in  all  machines. 

A  bad  commutator — Sparking  is 
caused  by  a  commutator  which  has  high 
or  low  bars,  or  is  rough,  or  with  mica 
sticking  out,  thus  preventing  good  con- 
tact for  the  brushes.  A  bad  commutator 
can  be  tested  by  placing  the  finger  on 
the  commutator  while  it  is  rotating,  and 
feeling  the  rough  spots.  This  is  also 
shown  by  the  brushes  making  a  clatter- 
ing noise  while  operating.  To  remedy 
this  the  commutator  should  be  turned 
down,  then  smoothed  off  with  sandpaper 
(not  emery  cloth)  and  then  cleaned  with 
a  little  gasoline,  so  as  to  remove  all 
traces  of  copper  dust.  A  good  commu- 
tator should  have  a  dull  glaze  of  a  brown 
color.  It  is  also  advisable  to  use  a  little 
vaseline  or  dynamo  oil  on  the  commuta- 
tor. I  may  add  here  that  in  one  of  the 
traction  companies  of  New  York  it  is  the 
generator  attendant's  duty  to  put  vase- 
line on  the  commutator  and  collector 
rings  of  the  rotary  converters  in  fairly 
large  quantities  every  hour. 

Poor  brush  contact — The  brushes 
sometimes  only  touch  the  commutator  at 
one  spot,  because  there  may  be  dust  at 
the  other  end  of  the  brush,  or  some  of 
the  surface  of  the  brush  has  a  glassy  ap- 
pearance. To  have  good  carbon  contact. 
the  carbon  to  be  used  is  placed  in  the 
brush  holder  and  tension  applied  to  the 
brush.  A  piece  of  sandpaper  is  put  on 
the  surface  of  the  commutator  and  is 
drawn  back  and  forth  under  the  brush, 
thus  making  the  brush  contact  surface 
round  and  with  the  same  curvature  as 
the  commutator,  giving  the  very  best 
kind  of  contact.  Then  the  brush  is 
cleaned  with  an  oily  rag  and  is  ready  for 
use. 

Short  circuit  coil  in  the  armature — 
In  a  motor  the  armature  will  take  exces- 
sive current.     In  the  dvnamo  the  anna- 
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ture  will  require  considerable  power.  The 
coil  will  become  heated  and  probably 
burn  out.  The  machine  should  be  stopped 
and  a  new  coil  replaced  for  the  damaged 
one. 

Reversal  of  polarity  of  dynamo — 
When  compound  or  series  wound  ma- 
chines are  running  in  parallel,  reversals 
take  place,  closed  circuits  are  formed 
and  a  large  amount  of  current  results, 
causing  serious  sparking. 

Short  circuits  in  field  magnets — If  one 
of  the  coils  is  short  circuited,  the  faulty 
coil  remains  cool  and  the  good  coil  gets 
overheated,  thus  giving  rise  to  sparking 
at  the  commutator.  To  test,  examine  all 
connections  and  test  out  with  battery  and 
voltmeter,  and  if  the  short  circuit  is  not 
accessible  the  best  way  is  to  rewind  the 
coil. 

An  open  circuited  armature — Pro- 
duces violent  sparking  at  the  commuta- 
tor. The  flashing  takes  place  when  the 
commutator  bar  near  the  break  is  pass- 
ing from  under  the  brush.  If  the  bars 
are  examined  they  will  be  found  to  be 
burned,  and  the  mica  between  them  all 
eaten  away.  The  remedy  is  to  solder  the 
two  bars  together,  or  use  a  jumper,  as  it 
is  called.  This  is  done  by  connecting 
the  two  bars  with  a  piece  of  wire. 

Weak  'field  magnetism — May  be  due  to 
a  short  circuited  field  coil.  This  can  be 
detected  easily  by  testing  the  pole  pieces 
with  an  ordinary  piece  of  iron,  the  coil 
will  show  very  little  attraction  for  the 
iron.  This  distorts  the  armature  mag- 
netism, thus  shifting  the  neutral  point 
and  causing  sparking. 

Sparking  is  also  caused  by  vibration  of 
the  machine.  This  can  be  lessened  by 
putting  more  tension  on  the  brushes. 
Variation  of  speed  sometimes  causes 
sparking,  and,  lastly,  a  ground  will  over- 
load the  machine,  thus  causing  excessive 
current  to  flow,  and  excessive  current 
causes  sparking. 


Motorists  who  suffer  with  cold  hands 
while  driving  their  cars  may  have  relief 
by  using  a  steering  wheel  provided  with 
electric  heat.  An  English  invention  de- 
scribes a  steering  wheel  with  a  core  that 
carries  two  electrically  heated  coils  in- 
sulated one  from  the  other  and  from  the 
outer  rim. 


TUNGSTEN  LAMPS    WITHSTAND 
LIGHTNING. 

During  a  severe  storm  in  Hacketts- 
town,  N.  J.,  last  summer,  the  series  in- 
candescent line  used  for  street  lighting 
was  struck  by  lightning,  the  discharge 
passing  through  33  tungsten  lamps.    The 


EFFECT  OF  LIGHTNING  ON  TUNGSTEN 
FILAMENT. 

filaments  were  slightly  curled  as  is  shown 
at  the  right  in  the  illustration,  but  the 
lamps  did  not  burn  out.  This  same  stroke 
of  lightning  burned  out  three  transform- 
ers then  jumped  to  a  private  house  rip- 
ping off  a  door  sill,  knocking  a  woman 
unconscious  and  passing  into  the  ground 
through  a  steam  radiator. 


A  NOVEL  CANNON. 

Electric  cannons,  utilizing  the  principle 
of  the  solenoid,  have  been  proposed  for 
the  last  twenty  years,  although  nothing 
very  definite  has  come  of  the  talk.  A 
man  in  South  Bethlehem,  Pa.,  is  now  ex- 
ploiting an  electrically  fired  gas  cannon, 
but  simply  as  a  toy.  A  cork  is  placed  in 
the  muzzle  of  a 'small  gun,  and  when 
an  explosion  is  produced  in  the  breech, 
on  the  principle  of  the  gas  engine,  the 
projectile  is  thrown  out  with  considerable 
force.  Ignition  is  produced  by  an  elec- 
tric spark,  or  the  spark  needle  is 
scratched  against  a  block  of  pyrophoric 
alloy.  This  is  an  alloy  of  iron  and  lan- 
thanum, and  when  it  is  scratched  it  is 
said  to  give  off  sparks,  like  the  sparks 
produced  by  flint  and  steel  in  other  days. 
Acetylene  gas  is  used,  and  the  inventor 
makes  the  curious  claim  that  it  is  "the 
safest  material  under  the  sun  that  can  be 
used  to  make  a  noise." 
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A  THEORY  OF  ELECTRICITY. 

To  The  Editor  Popular  Electricity: 

Within  the  field  of  chemistry  there  is 
no  more  active  element  than  oxygen,  and 
hand   in   hand    with   it   goes    hydrogen. 
Every  drop  of  water  formed  embodies 
the    union    of    hydrogen    and    oxygen. 
Every  fire  lighted  gives   off  these  ele- 
ments    of    hydrogen    and    oxygen,  the 
hydrogen  largely  from  the  burning  sub- 
stance and    the    oxygen    drawn  chiefly 
from  the  air  to  unite  with  the  carbon  as 
carbonic    oxide*  and    with    hydrogen   to 
form  water  vapor.    Since  the  actions  and 
reactions  of  these  elements  in  combustion 
and  in  the  formation  of  water  are  going 
on  continually  and  the  association  of  the 
composing  elements  of    all    bodies    has 
been  effected  through  the  action  of  either 
fire  or  water  it  may  be  stated,  as  a  self- 
evident  truth,  that   the   composing   ele- 
ments have  been  arranged  in  an  order  to 
permit  the  passage  of  either  hydrogen  or 
oxygen;   by  their  actual  passage  as  they 
left  the  bodies  as  evaporated  moisture  or 
as  hydrogen  thrown  off  by  combustion  or 
heat.     Since  oxygen  and  hydrogen  are 
known  to  exist  in  their  free  state  in  all 
parts  of  the  universe  and  are  capable  of 
passage  by     chemical     action     through 
solids,  it  must  transpire  that  a  union  of 
these   gases   under   the   required   condi- 
tions to  ignite  must  take  place  at  times 
within  or  at  the  surface  of  bodies  offer- 
ing considerable  resistance  to  the  passage 
of  the  gases.     This  would  undoubtedly 
give  rise  to  an  observable  phenomenon 
very  similar  to  that  of  electricity  where 
the  chemical  action  was  continuous.    As 
these  chemical  actions  are  of  vast  extent 
and  there  is  no  apparent  manifestation  as 
a  result  other  than  in  the  force  of  what 
is  designated  as  electricity,  in  the  judg- 
ment of  the  writer  they  are  identical.  The 
hydrogen-oxygen    flame    is    identical    in 
appearance  with  that  of  the  electric  spark 
and  produces  the  only  heat  equal  to  it. 
There  are  two  electric   currents   corre- 
sponding to  the  gases,  they  move  in  op- 
posite directions  as  they  would   if  they 
were  drawn  to  a  common  point  to  feed  a 
combustion.     In  the  arc   light  twice  as 
much  of  one  carbon  is  consumed  as  com- 
pared with  the  other.     In  ordinary  com- 
bustion two  parts  of  hydrogen  unite  with 
one  of  oxygen  to  form  water  vapor.    We 


observe  the  lightning's  flash  at  a  time 
when  these  gases  are  the  most  active  in 
the  condensation  of  moisture ;  the  natural 
inference  is  that  this  action  is  elecrticity 
and  the  lightning  stroke  the  ignition  of 
currents  of  hydrogen  rising  from  the 
earth  by  chemical  action. 

C.  E.  Baker. 


LABOR  SAVING  IN  OFFICE  WORK. 

Undoubtedly  in  the  future  a  wide- 
spread use  of  electric  power  will  be 
made  in  the  ordinary  work  of  business 
offices. 

Electric  typewriters,  for  example,  are 
now  available,  and  it  would  not  be  sur- 
prising if  they  come  into  use  to  con- 
siderable extent.  The  keys  are  operated 
by  small  electro-magnets,  and  only  the 
slightest  touch  on  the  part  of  the  op- 
erator is  necessary  to  do  the  work.  An- 
other advantage  is  that  the  touch  is  per- 
fectly uniform,  and  therefore  the  work 
has  a  neater  appearance  than  it  is  pos- 
sible to  obtain  when  the  keys  are  struck 
by  hand  rather  than  being  merely  sub- 
jected to  a  light  touch,  the  machine  do- 
ing the  rest. 

Where  large  numbers  of  letters  or  cir- 
culars are  sent  out  addressing  machines 
are  often  used,  and  now-a-days  these 
machines  are  frequently  driven  by  a 
small  electric  motor,  enabling  the  work 
to  be  turned  out  much  more  quickly  than 
by  hand. 

Something  of  a  novelty  in  the  office 
appliance  line  is  the  letter-folding  mach- 
ine. It  is  said  that  by  the  use  of  this 
device  ordinary  letters  or  circulars  8^4 
by  11  inches  may  be  folded  at  the  rate 
of  9,000  an  hour.  The  machine  is  not 
complicated,  and  by  its  use,  letters  can 
be  folded  so  rapidly  that  the  efficiency  of 
the  office  force  will  be  greatly  increased. 
Here  too  it  is  a  simple  matter  to  attach 
a  small  motor  to  drive  the  folder  by  el- 
ectric power  from  the  nearest  lamp 
socket. 


Electric  signs  add  much  to  the  bril- 
liance and  attractiveness  of  the  streets 
of  cities  or  villages.  They  arc  good  for 
the  electric  light  company,  of  course, 
but  their  chief  merit  lies  in  their  drawing 
power  for  the  merchant  who  uses  them 
and  the  air  of  being  up-to-date  which 
they  give  to  his  place  of  business. 
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GENERATING    ELECTRICITY    BY    SEA 

WAVES. 
Modern  engineers  are  fully  aware  oi 
the  fact  that  the  coal  stores  of  our  earth 
are  destined  to  be  exhausted  in  a  pos- 
sibly not  very  remote  future,  and  they 
are  accordingly  intent  on  developing  ad- 


ditional direct  sources  of  energy. 

The  idea  of  utilizing  the  power  of 
sea  waves  has  appealed  to  many  invent- 
ors, none  of  whom  has,  however,  been 
able  heretofore  to  carry  it  out  in  prac- 
tice on  a  commercial  scale. 

Recently   an   Italian  officer,   Sig.   Ed. 
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ELECTRIC    GENERATOR    DRIVEN    BY    SEA  WAVES. 


PROPELLING  FLOAT  OF   SEA  WAVE 
GENERATOR. 


Pirandello,  succeeded  in  erecting  on  the 
coast  of  Rimini  a  plant  allowing  the 
power  there  developed  by  the  breakers 
to  be  utilized  for  the  first  time  in  a  really 
practical  manner.  In  connection  with  a 
series  of  conclusive  tests  recently  mnde, 
this  plant  was  able  to  keep  a  few  elec- 
tric lamps  burning  and  to  decompose 
water  electrolytically  into  its  component 
gases,  the  oxygen  being  compressed  in 
the  familiar  cylinder  reservoirs,  while 
the  hydrogen  could  be  used  for  feeding 
ordinary   explosion   motors. 

The  success  of  those  experiments  has 
resulted  in  a  company  being  founded  at 
Florence  for  the  construction  of  the  nov- 
el apparatus.  The  experimental  plant 
erected  at  Rimini  was  built  at  a  cost  of 
less  than  $4,000. 

The  most  important  part  of  the  plant 
is  a  pneumatic  float  of  special  design, 
which     constitutes    the    motive     device 
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proper.  This  comprises  a  closed  float- 
ing box-like  arrangement.  A  tube,  fit- 
ted with  valves,  forms  a  connection, 
through  the  float,  between  the  closed 
compartments  and  the  atmosphere.  Aft- 
er first  placing  this  float  on  the  water, 
the  air  is  exhausted  from  a  lower  com- 
partment in  the  box  by  opening  the 
valve.  After  closing  the  /alve,  the  float 
is  found  to  cling  to  the  surface  of  the 
water,  owing  to  the  pressure  of  the  at- 
mosphere. It  can  therefore  be  made  to 
transmit  the  reciprocating  vertical  mo- 
tion of  the  sea  waves  to  a  chain  running 
over  a  pulley  and  toothed  wheel.  A  set 
of  pegs  fitted  on  another  wheel  engages 
with  the  teeth  of  this  wheel,  provision 
being  made  for  those  pegs  to  mesh  with 
the  teeth  and  to  transmit  to  them  the 
motion  of  the  float  only  during  the  de- 
scent of  the  latter.  During  the  ascend- 
ing motion  of  the  float,  the  wheel  thus 
does  not  receive  any  impulse  and  the 
chain  fixed  to  the  float  is  kept  tightened 
by  a  counterpoise  fitted  to  its  other  end. 
The  second  wheel,  which  corresponds 
to  the  chain  wheel,  is  fitted  with  an  es- 
capement, controlling  a  heavy  flywheel. 
The  reciprocating  motion  of  the  float  is 
accordingly  converted  into  a  non-contin- 
uous motion  of  the  wheel  corresponding 
to  the  chain  wheel,  which  motion  is  of 
constant  direction.  The  escapement 
then  serves  to  convert  this  motion  into 
the  continuous  rotation  of  the  flywheel, 
which  transmits  rotary  motion  to  the 
transmission  gearing  which  drives  the 
dynamo. 


THROUGH    THE    CASCADE    TUNNEL    BY 
ELECTRICITY. 

Passenger  trains  hauled  by  electric 
locomotives  are  being  used  in  the  Cas- 
cade Tunnel  of  the  Great  Northern  Rail- 
road. The  electrification  of  this  long 
tunnel,  which  has  been  such  a  source  of 
trouble  and  annoyance  since  the  road  was 
built,  is  the  largest  undertaking  of  its 
kind  ever  attempted  in  the  West,  and 
the  Great  Northern  is  the  first  of  the 
great  western  roads  to  adopt  electric  pro- 
pulsion for  any  considerable  portion  of 
its  road. 

Not  only  is  the  Cascade  development 
the  largest  of  its  kind  in  the  West,  but  it 
is  the  first   three-phase   railroad  system 


to  be  installed  in  this  country  and  one  of 
the  first  in  the  world.  The  most  unusual 
feature  of  this  electric  ^service,  as  planned 
by  the  General  Electric  Company's  engi- 
neers, is  the  fact  that  the  motors,  which 
pull  the  electric  locomotives  and  trains  up 
the  grades,  will  naturally  and  inherently 
become  generators  on  the  down  grades 
and  return  electrical  energy  to  the  line. 


AN  IMPROVED  ADDING  MACHINE, 

The  ordinary  adding  machine  will  do 
the  work  of  from  four  to  six  expert  com- 
puters, and  it  would  seem  that  there  is 
no  need  for  quicker  work  than  this  ;  but 
electricity   has   been   applied    and    makes 


ADDING   MACHINE   AND    MOTOR. 

the  machine  capable  of  doing  the  work 
of  from  six  to  nine  human  computers 
more  correctly  and  with  less  labor. 

One  large  adding  machine  company 
is  equipping  its  machines  with  Westing- 
house  motors,  and  trials  have  shown  that 
when  thus  equipped  they  accomplish  the 
foregoing  remarkable  results.  In  the 
unimproved  form  the  only  mechanical 
work  necessary  is  the  pressing  of  the 
keys  and  the  operation  of  the  handle  pro- 
jecting to  the  right  of  the  case,  but  the 
latter  has  been  eliminated  by  the  appli- 
cation of  the  electric  motor.  Now  the 
numbers  are  written  by  simply  pressing 
a  key  on  the  keyboard  of  the  machine, 
which  throws  in  a  clutch  and  connects 
the  shaft  of  the  motor  with  that  of  the 
handle.  The  increased  speed  and  accur- 
acy are  due  to  the  elimination  of  the  tire- 
some manipulation  of  the  handle  and 
consequent  interruption  of  the  work. 
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A  GREAT   ELECTRICAL  SOCIETY. 

Some  idea  of  the  widespread  interest 
taken  in  electrical  work  in  this  country 
may  be  gained  from  the  statement  that 
the  American  Institute  of  Electrical  En- 
gineers has  now  over  6,000  members. 
This  society  has  had  a  remarkable 
growth  in  the  last  few  years.  It  was 
founded  in  1884,  and  it  has  branches  all 
over  the  country.  That  at  Schenectady 
alone  has  a  membership  of  between  800 
and  900.  Mr.  Ralph  W.  Pope  is  secre- 
tary of  the  organization,  and  to  his 
steady,  even,  unending  work  much  of  its 
success  is  due. 


LINOLITE. 

Linolite  is  a  comparatively  new  sys- 
tem of  illumination  and,  as  its  name 
(line  o'  light)  implies,  consists  of  long, 
tubular  incandescent  lamps  arranged  in 
series.  These  lamps,  have  single  fila- 
ments  running   from   end   to   end,   with 


The  light  may  be  fitted  inside  the 
frame  work  of  a  window  or  back  of  the 
fillets  in  such  manner  that  the  fixture  is 
invisible  or  practically  so,  and  the 
source  of  light  screened  entirely  from 
the  eye  of  the  spectator.  No  light  is 
wasted  outside  the  window,  and  the  in- 
tensity of  illumination  inside  becomes  so 
much  greater  than  the  general  illumina- 
tion surrounding  the  window  that  atten- 
tion is  instantly  attracted  to  the  window 
itself.  Goods  displayed  as  close  as  one 
inch  to  the  window  are  properly  illumin- 
ated, as  the  light  is  close  to  the  glass. 


METERS,  GRAMS  AND  LITERS. 

Electrical  men  should  take  particular 
interest  in  the  metric  system  of  weights 
and  measures  because  all  the  electrical 
units  of  measurement  likewise  are  based 
on  the  decimal  system.  It  is  interesting 
to  know,  according  to  a  floating  news- 
paper   paragraph,    that    the   use    of   the 
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suitable  terminals  for  connecting  the 
lamps  together  in  succession.  The  lamps 
are  finally  mounted  in  a  continuous  semi- 
circular reflector,  made  of  a  single  sheet 
of  sheet  metal,  usually  aluminum.  Lino- 
lite,  so  to  speak,  may  be  cut  off  by  the 


END  VIEW  OF  LINOLITE  UNIT. 

yard  to  suit  any  purpose,  which  is  gen- 
erally window  lighting,  picture  lighting 
or  ceiling  illumination. 

The  whole  fixture,  reflector  and  all, 
will  pass  through  an  oval  ring  2}4  by 
one  inch,  so  it  is  readily  seen  that  the 
system  economizes  space  in  a  vertical 
direction. 


metric  system  is  now  compulsory  in  the 
Philippine  Islands.  Various  attempts 
have  been  made  to  make  the  use  of  this 
system  mandatory  in  this  country  rather 
than  permissive  as  at  present,  but  so  far 
without  success.  However,  it  is  a  good 
thing  for  all  persons  who  wish  to  be  well- 
informed  to  familiarize  themselves  with 
the  metric  system,  for  it  is  in  use  in  a 
very  considerable  proportion  of  the  civ- 
ilized countries  of  the  globe.  Once  mas- 
tered it  is  very  convenient,  for  measures 
of  length,  volume  and  weight  are  derived 
from  the  same  fundamentals. 

As  the  metric  units  are  used  very 
largely  in  the  scientific  literature  of  all 
languages,  it  is  convenient  to  remember 
that  the  meter  is  a  trifle  over  39  inches  or 
somewhat  longer  than  a  yard.  A  centi- 
meter is  a  hundredth  part  of  this  or  about 
two-fifths  of  an  inch.  A  liter  is  a  little 
less  than  a  quart  dry  measure  and  a  little 
more  than  a  quart  liquid  measure.  The 
kilogram  is  a  trifle  over  two  pounds  and 
three  ounces.    With  these  simple  equiva- 
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lents  in  mind,  and  remembering  that  the 
prefix  centi  means  the  hundredth  part 
and  the  prefix  kilo  means  multiplied  by 
1,000,  it  is  easy  to  translate  metric  ex- 
pressions encountered  in  ordinary  read- 
ing into  the  corresponding  values  in  the 
ordinary  English  weights  and  measures. 


AUTOMOBILE  EMERGENCY  ELECTRIC 
LIGHT  PLANT. 

The  modern  automobile  can  be  utilized 
for  emergency  power  service  at  a  resi- 
dence, factory  or  in  the  field  for  operat- 
ing an  electrical  generator  and  can  be 
made  to  do  excellent  service  for  short 
periods  of  time. 


can  easily  be  rigged  up  in  this  way  with 
any  automobile,  by  jacking  up  one  wheel, 
the  others  remaining  on  the  ground,  so 
^that  the  differential  gear  allows  the  free 
wheel  to  operate  the  dynamo,  taking  the 
full  power  of  the  gasoline  engine. 

HOTEL  SIGNAL  SYSTEM. 

One  of  the  newest  pieces  of  electrical 
equipment  for  hotel  use  is  a  system  of 
little  lamps  of  the  switchboard  type,  by 
which  it  is  possible  for  a  guest  or  the 
management  to  locate  instantly  the  room 
in  which  chambermaids  are  working. 
This  is  a  great  convenience  both  to  the 
guests    and   management,    for    the    gir) 


AUTOMOBILE    EMERGENCY    ELECTRIC    LIGHT    PLANT. 


During  the  Vanderbilt  cup  races  on 
November  24,  1908,  it  was  necessary  to 
have  incandescent  electric  lights  at  a  cer- 
tain point  on  the  course,  and  a  motor  car 
was  pressed  into  service  with  an  elec- 
trical generator  as  an  improvised  electric 
light  plant.  The  car  used  was  a  30  horse 
power  roadster  and  the  back  tire  was  re- 
moved from  one  of  the  wheels,  a  belt 
being  attached  for  driving*  the  dynamo  as 
shown  on  the  picture.  In  this  manner  55 
incandescent  electric  lamps  of  no  volts 
were  operated,  each  of  16  candle  power. 
It  will  be  seen  that  an  emergency  plant 


having  charge  of  any  particular  room 
may  be  communicated  with  without  any 
loss  of  time.  Each  maid  is  provided 
with  a  key  which  serves  as  a  switch  han- 
dle for  lighting  a  small  lamp  at  the  doors 
as  she  enters  a  room  and  simultaneously 
lighting  the  indicating  lamp  at  the  desk 
of  the  chief  of  employes. 

By  means  of  an  illuminated  sign  tor 
each  guest  he  is  notified  immediately 
when  mail  matter  reaches  the  office  for 
him.  The  placing  of  a  letter  in  the  post- 
office  box  corresponding  to  his  room 
closes  a  switch  and  lights  a  lamp. 


THE  MERCURY  ARC  RECTIFIER 


By  the  term  "rectify"  in  electrical  * 
phraseology  is  meant  the  changing  of  al- 
ternating current,  which  reverses  its  di- 
rection of  flow  many  times  each  second, 
to  direct  current,  which  flows  continu- 
ously in  one  direction.  This  operation  is 
performed  in  various  ways,  on  a  large 
scale  by  machines  such  as  motor  gen- 
erators or  rotary  converters,  on  a  small 
scale  by  various  types  of  electrolytic  rec^ 
tifiers,  which  are  of  low  efficiency.  There 
is   still   another   device    which   has   been 


sage  of  current  under  ordinary  condi- 
tions, but  if  an  arc  can  once  be  formed 
in  mercury  vapor,  the  vapor  becomes 
"ionized";  that  is,  broken  up  into  ex- 
tremely small  particles,  smaller  ever  than 
atoms.  This  "ionized"  vapor  of  mercury 
is  a  good  conductor,  and,  when  once 
formed  by  an  intial  arc,  is  continuously 
given  off  by  the  negative  electrode,  and 
keeps  the  arc  in  operation.  Only  a  few 
volts  are  then  necessary  to  maintain  the 
:urrent  flowing  in  one  direction,   but  a 
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developed  in  the  last  few  years  called 
the  mercury  arc  rectifier  which  accom- 
plishes the  same  result  at  high  effici- 
ency. 

Broadly  speaking,  the  mercury  arc 
rectifier  consists  of  a  mercury  vapor  arc 
enclosed  in  an  exhausted  glass  vessel, 
sealed-in  electrodes  being  supplied  for 
attachment  to  the  terminals  of  the  elec- 
tric circuit  as  shown  at  (A),  (A')  and 
(B)  in  the  diagram.  Mercury  vapor 
has  a  very  high  resistance  to  the  pas- 


very  high  voltage  would  be  required  to 
sustain  it  in  the  opposite  direction. 
Therefore  current  can  only  flow  through 
such  a  tube  from  positive  to  negative. 

Operation  of  the  mercury  arc  rectifier, 
as  shown  in  the  diagram  is  as  follows: 
The  little  starting  anode  (C),  which  is 
positive,  contains  metallic  mercury.  The 
tube  is  slightly  shaken  or  tilted  until  the 
mercury  runs  down  into  (B).  The  mer- 
cury thus  forms  a  bridge  between  (B) 
and   (C)   which  allows  current  to  flow. 
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As  the  stream  of  mercury  breaks  it 
draws  out  an  arc  between  (B)  and 
(C),  which  arc  ionizes  the  mercury 
vapor  in  the  tube  and  allows  current  to 
flow  from  (A)  and  (A')  down  through 
(B).  (B)  thus  becomes  the  cathode  or 
negative  pole  and  continually  throws  off 
ionized  vapor  which  maintains  the  tube 
in  operation  when  once  started.  Now 
(A)  and  (A')  are  connected  to  opposite 
sides  of  an  alternating  current  circuit, 
and  as  the  current  in  this  circuit  is  con- 
stantly changing  in  direction,  (A)  and 
(A')   are  intermittently  positive. 

Since,  as  explained  above,  current  can 
only  .flow  with  ease  in  one  direction 
through  the  vapor,  (B)  always  remains 
negative  and  current  flows  out  at  (B) 
in  one  direction  (direct  current),  com- 
ing one  instant  from  (A)  and  the  next 
instant  from  (A')  and  so  on.  Thus  we 
have  obtained  direct  current  from  alter- 
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CONNECTIONS    OF   MERCURY   ARC 
RECTIFIER. 

nating  current  by  simply  using  a  little 
glass  tube  and  a  few  ounces  of  mercury. 
When  first  introduced  the  mercury 
arc  rectifier  was  used  principally  for 
charging  electric  automobile  storage  bat- 
teries where  only  alternating  current  ser- 
vice was  available.     But  it  is  now  being 


used  for  many  other  purposes ;  for  in- 
stance, charging  storage  batteries  on 
telephone  systems,  ignition  batteries  for 
automobile  and  stationary  gas  and  gaso- 
line  engines,   operating     arc   lamps    for 
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FRONT  AND   REAR  VIEW   OF  MERCURY 
ARC  RECTIFIER  PANEL. 

moving  picture  machines,  searchlights 
and  similar  apparatus,  dental  and  other 
small  direct  current  motors,  railway 
signal  systems,  electroplating,  and  in  fact 
almost   innumerable  purposes. 


ODDS  AND  ENDS. 

To  find  circumference  of  a  circle  mul- 
tiply diameter  by  3.1416. 

To  find  diameter  of  a  circle  multiply 
circumference  by  .31831. 

To  find  area  of  a  circle  multiply  square 
of  diameter  by  .7854. 

To  find  area  of  a  triangle  multiply 
base  by  l/2  perpendicular  height. 

To  find  surface  of  a  ball  multiply 
square  of  diameter  by  3.1416. 

To  find  contents  of  a  sphere  multiply 
cube  of  diameter  by  .5236. 

Doubling  the  diameter  of  a  pipe  in- 
creases its  capacity  four  times. 

A  cubic  foot  of  water  contains  ~'  _•  gal- 
lons, 1,728  cubic  inches,  and  weighs  02]  2 
pounds. 
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RESPECT  BUT  DON'T  FEAR 
ELECTRICITY. 

While  electricity  is  a  powerful  force 
and  one  to  be  respected,  still,  in  its  or- 
dinary applications  to  everyday  life  it 
should  not  be  feared,  for  it  is  never,  in 
these  days  of  up-to-date  construction; 
allowed  to  "lay  around  loose"  in  quanti- 
ties or  voltages  dangerous  to  the  "inno- 
cent bystander." 

There  is  no  reason  to  be  afraid  of  the 
ordinary  incandescent  lighting  circuit 
such  as  is  used  in  houses  illuminated 
with  electricity.  This  circuit  ranges  in 
voltage  or  pressure  from  no  to  118 
volts.  Incandescent  lighting  current  is 
not  at  all  dangerous.  If  a  person  should 
pick  up  the  naked  wires  of  such  a  circuit 
with  his  bare  hands  he  would  get  but  a 
trifling  shock,  if  his  hands  were  reason- 
ably dry.  If  he  should  pick  up  the  same 
wires  with  wet  hands  and  take  a  firm 
hold  he  would  get  a  jolt. 

The  precautionary  measures  now  used 
in  installing  electric  lighting  systems  and 
the  general  improvement  in  all  lines  of 
electrical  engineering  make  it  practically 
impossible  to  get  a  shock  from  a  lighting 
circuit.  The  wires  are  heavily  insulated, 
making  them  proof  against  sparking,  and 
when  installed  by  competent  electricians 
the  fire  danger  is  eliminated. 

In  electrical  engineering  circles  any 
voltage  below  700  volts  is  called  "low" 
and  anything  above  that  figure  "high 
voltage."  Broadly  speaking  nothing  be- 
low 700  volts  is  dangerous. 

The  ordinary  street  car  systems  use 
electricity  at  500  volts,  although  there 
are  a  very  few  in  this  country  using 
more  pressure  than  that.  Such  circuits 
are  of  course  out  of  the  reach  of  persons 
on  the  ground  unless  a  trolley  wire  is 
broken  and  hangs  down.  Touching  such 
a  wire  does  not  mean  death.  It  is  only 
deadly  when  grasped  in  the  hands ;  then 
it  is  dangerous  because  the  victim  can- 
not let  go  and  consequently  remains  in 
contact  for  a  considerable  length  of  time. 

The  "deadly  third  rail"  which  is  so 
often  spoken  of,  also  operates  at  500 
volts,  and  is  no  more  deadly  than  has 
been  already  shown,  except  for  the  prob- 
ability of  a  person,  who  is  thrown  down 
by  the  shock,  falling  across  the  third 
rail  and  the  track  or  return  rail  and  be- 
coming unconscious.     This,  of  course,  is 


as  serious  a  case  as  that  of  the  man  who 
is  unable  to  let  go  of  the  wire. 

Wires  used  for  street  arc  lighting  may 
always  be  regarded  with  suspicion;  they 
are  exceedingly  likely  to  carry  a  current 
of  2,000  volts  or  more,  but  contact  with 
them  is  next  to  impossible  unless  a  per- 
son goes  "looking  for  trouble,"  as,  for 
instance,  the  small  boy  who  is  playing 
"follow  the  leader"  and  climbs  a  light 
pole.  A  fatal  accident  of  this  nature  was 
actually  recorded  which  at  the  time 
caused  much  talk  about  the  "deadly  elec- 
tric current."  But  there  were  a  hun- 
dred other  ways  by  which  the  unfortu- 
nate lad  might  have  met  his  death  which 
would  excite  little  comment. 

Electricity  is  a  force  to  be  respected  as 
we  would  respect  the  force  of  steam  or 
of  a  traveling  belt;  but  there  should  be 
no  false  alarms  about  its  deadly  char- 
acter. It  can  be  brought  into  our  homes 
and  be  made  our  willing  servant  with 
absolutely  no  danger  to  us. 


GRADUATED  STREET  LIGHTING. 

In  his  presidential  address  at  the  re- 
cent convention  of  the  Illuminating  En- 
gineering Society  in  Philadelphia  Dr. 
Louis  Bell  of  Boston,  taking  as  his  sub- 
ject "Street  Lighting,"  pointed  out  that 
one  great  trouble  in  American  cities  is 
that  there  is  no  careful  discrimination 
between  streets  which  demand  consider- 
able light  and  those  which  are  perfectly 
well  illuminated  with  a  much  less  quan- 
tity of  light.  For  lighting  purposes 
streets  should  be  divided  into  three  dis- 
tinct classes — first,  the  principal  arteries 
of  traffic,  which  need  all  the  light  they 
can  get;  the  secondary  streets,  making 
up  the  bulk  of  an  ordinary  city,  which 
should  be  well  lighted  but  do  not  require 
a  blaze  of  illumination,  and  a  third  class 
of  streets  in  which  the  lighting  is  intend- 
ed merely  to  show  the  way.  As  to  the 
absolute  amount  of  light,  there  should  be 
enough  in  the  chief  streets  so  that  one 
could  see  to  read  a  paper  without  walk- 
ing perhaps  half  a  block  to  the  nearest 
lamp.  Less  illumination  is  needed  in  the 
secondary  streets,  while  those  of  the 
third  class  require  still  less. 

Diffusion  of  light  is  an  important  re- 
quirement. Moonlight  is  good  because, 
although  of  slight  intensity,  it  is  widely 
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diffused.  Thus  no  trouble  is  experienced 
in  driving  an  automobile  in  moonlight 
with  a  good  head-lamp,  but  one  might 
have  difficulty  in  guiding  the  car,  even 
with  a  good  head-lamp,  in  a  lighted 
street,  because  the  lamps  in  the  street 
flash  straight  in  the  face. 

More  light  and  all-night  lighting  are 
needed,  not  only  for  general  purposes 
but  for  public  safety.  It  is  a  familiar  say- 
ing among  electrical  men  that  one  arc 
light  is  as  good  as  a  policeman.  Certain- 
ly a  city  well  lighted  all  over  is  a  safer 
city  at  night  than  the  average  poorly 
lighted  city.  This  is  well  understood  in 
Europe,  where  in  the  chief  cities  one 
can  read  fine  print  at  night  in  all  the 
principal  streets  for  every  step  of  the 
way. 


A  TELEPHONE  MOUTHPIECE  OF  GLASS. 

Physicians  contend  that  the  ordinary 
hard-rubber  telephone  mouthpiece  may 
easily  become  unsanitary,  if  not  fre- 
quently cleaned,  by  the  deposit  of  germs 
from  the  breath  of  people  talking  into  it 


GLASS  TELEPHONE  MOUTHPIECE. 

and  also  from  the  atmosphere.  A  mouth- 
piece of  glass  has  now  been  devised, 
which  is  so  attached  that  it  can  be  in- 
stantly removed  for  cleaning  or  boiling 
if  desired.  Clear  glass  is  used,  and  it 
is  said  to  give  even  better  telephone 
transmission  than  the  ordinary  mouth- 
piece. The  invention  is  of  interest  as 
illustrating  the  constant  tendency  to 
make  all  every-day  appliances  as  sani- 
tary and  healthful  as  possible. 


PROCESS  OF  COLORING   INCANDESCENT 
LAMPS. 

One  of  the  readers  of  Popular  Elec- 
tricity recommends,  the  following  process 
for  coloring  incandescent  lamp  bulbs : 
Dip  the  bulbs  in  white  shellac  thinned 
with  denatured  alcohol.  The  lamps 
should  be  connected  and  the  current 
turned  on  when  they  are  dipped,  so  that 
the  bulb  will  dry  immediately  upon  being 
taken  out  of  the  bath.  This  preparation 
gives  the  bulb  the  appearance  of  frosted 
glass.  If  special  colors  are  desired  dyes 
may  be  added  to  the  shellac. 


ELECTRICAL  CROSS  EXAMINATION. 

Under  intense  mental  excitement,  no 
matter  how  outwardly  calm  an  individ- 
ual may  be,  the  hands  will  involuntarily 
relax  according  to  the  intensity  of  the 
emotion  and  the  susceptibility  of  the  per- 
son affected.  This  fact  was  once  turned  to 
advantage  in  a  criminal  trial  in  which 
the  defendant  was  so  hardened  that  he 
was  outwardly  calm  to  all  appearances 
during  cross-examination. 

The  prosecuting  attorney  then  rea- 
soned that  if  the  arms  of  the  chair  could 
only  be  made  to  communicate  the  pres- 
sure of  the  invisible  contractions  of  the 
muscles  of  the  hands  and  arms  of  the 
witness,  an  important  light  might  be 
thrown  on  the  case.  He  called  an  elec- 
trician to  his  aid,  and  during  the  ab- 
sence of  the  prisoner  from  the  court 
room  the  arms  of  the  chair  were  re- 
moved and  split  in  half  and  in  each  was 
placed  a  hard  carbon  plate,  which  served 
as  a  variable  resistance.  Wires  were  run 
from  the  metal  plates,  placed  on  either 
side  of  the  carbon,  through  the  legs  of 
the  chair  and  under  the  floor  to  a" tele- 
phone receiver  and  battery  placed  in  an 
adjoining  closet.  The  arms  were  again 
upholstered  and  the  chair  replaced. 
Every  increase  of  pressure  on  the  arms 
of  the  chair  now  affected  the  transmitter, 
and  caused  sounds  to  issue  from  the 
mouth  of  the  receiver. 

On  the  resumption  of  the  trial  a  court 
official  was  placed  in  a  closer,  and  by  a 
series  of  signals  arranged  beforehand 
signified  the  feelings  of  the  prisoner  as 
they  were  betrayed  through  the  muscles 
of  his  hands.  The  main  points  against 
the  prisoner  were  thus  determined.  They 
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were  presently  formulated  and  read  to 
him  in  privacy,  and  he  was  so  overcome 
that  he  made  a  confession  of  his  crime. 


HEAD    LAMPS     PROTECT    THE    STREET 
SWEEPER. 

The  unusual  spectacle  of  little  lights 
bobbing-  at  night,  like  fire-flys,  in  the 
highways  and  byways  of  Chicago's  boule- 
vard system,  has  aroused  some  curiosity. 
These  mysterious  lights  are  nothing 
more  or  less  than  little  electric  head 
lamps    worn    by    the    industrious    street 


STREET    SWEEPER  AND    HIS  HEAD    LAMP. 

sweepers  to  prevent  them  from  being  run 
down  by  rapidly  dashing  automobiles. 

Two-volt  tungsten  lamps,  in  special 
sockets,  are  attached  to  the  caps  of  the 
wearers.  Current  for  each  lamp  is  sup- 
plied by  a  storage  battery  cell  carried  in 
the  pocket  of  the  wearer.  This  storage 
cell  is  about  an  inch  in  thickness  and  is 
2^4  inches  wide  by  six  inches  long.  It 
contains,  besides  the  lead  plates,  "solidi- 
fied" sulphuric  acid,  which  is  the  con- 
sistency of  jelly. 

The  lamps  are  serving  their  purpose 
admirably  and  are  a  source  of  evident 
pride  to  their  wearers. 


IN  CASE  OF  SHORT-CIRCUIT. 

In  electrical  literature  one  often  reads 
of  a  "short-circuit."  What  does  the  ex- 
pression mean?  Simply  that  wires  have 
become  crossed  or  connected  so  as  to 
form  a  shunt  or  by-path  of  comparatively 
low  resistance,  through  which  so  much 
of  the  current  passes  as  practically  to 
cut  out  that  part  of  the  circuit  through 
which  the  current  originally  flowed.  In 
case  a  short-circuit  should  occur  at  or 
near  the  generator,  or  if  an  arc  should  be 
formed  at  a  switch  or  fuse  block,  and 
hold  on,  the  man  in  charge  is  usually  di- 
rected to  throw  all  resistance  in  the  field 
rheostat  and  if  necessary  shut  down  the 
engine  at  once. 

The  following  order  should  be  ob- 
served :  First  throw  in  circuit  breakers  ; 
then  the  main  switch.  In  opening  a  cir- 
cuit, trip  the  circuit  breaker ;  then  open 
the  switch.  If  a  line  fuse  blows,  first 
open  the  switch  corresponding  with  that 
line  and  then  replace  the  fuse.  After- 
ward close  switch.  If  a  second  blowing 
of  fuse  follows,  there  is  something  wrong 
on  the  line,  probably  a  short-circuit,  and 
this  should  be  corrected  at  once. 


COPPER  AND  ALUMINUM. 

Although  aluminum  is  not  such  a  good 
conductor  of  electricity  as  copper,  it  is 
used  to  a  considerable  extent  where  bare 
wires  are  put  up  to  transmit  current,  par- 
ticularly when  copper  is  high  in  price. 
Aluminum  is  seldom  or  perhaps  never 
used  for  insulated  wire.  It  is,  of  course, 
much  lighter  than  copper,  and  in  com- 
paring the  two  metals  as  electrical  con- 
ductors several  factors  have  to  be  con- 
sidered.    Here  are  some  of  them : 

Copper.  Aluminum. 

Specific  gravity  8.93  2.68 

Conductivity  for  equal  area..   100.  63. 
Weight  for  equal  conductivity  100.              48. 
Area  for  equal  conductivity..   100.            160. 
Diameter  for  equal  conductiv- 
ity   100.            126. 

It  will  be  noted  from  the  relative  diam- 
eters that  an  aluminum  wire  to  be  of 
equal  conductivity  with  a  copper  wire  is 
almost  exactly  two  sizes  larger  by  the 
Brown  &  Sharp  wire  gauge. 

The  conductivity  of  aluminum  wire  is 
63  per  cent  that  of  copper ;  but  an  alum- 
inum wire  of  equivalent  conductivity  will 
have  48  per  cent  of  the  weight  and  160 
per  cent  of  the  strength. 
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DROP  A  PENNY— GET  A  SHINE. 

This  rival  to  the  industrious  shoe 
shiner  is  run  by  electricity.  Dropping  a 
penny  in  the  slot  starts  a  motor,  and  this 
causes  the  brushes  to  revolve.  The  foot 
is  inserted  in  a  box  containing  the 
brushes  and  is  held  there  until  a  bell 
rings,  which  is  the  signal  for  the  left  foot 
to  be  changed  for  the  right,  or  the  right 
for  the  left.  When  the  machine  has  given 
the  customer  his  penny's  worth  of  polish 
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it  quietly  :ceases  to  revolve.  If  he  is  dis- 
satisfied with  the  result  he  can  drop  in 
another  penny  and  have  his  shoes  pol- 
ished a  little  brighter. 


AMPERE  MEMORIAL  TABLET. 

Appropriate  tribute  was  paid  to  the 
memory  of  Andre-Marie  Ampere,  the  fa- 
mous French  physicist,  at  Ampere,  N.  J., 
on  December  3.  This  was  the  occasion 
of  the  unveiling  of  a  beautiful  tablet 
erected  in  the  new  railroad  station  at  Am- 
pere, and  the  gift  of  Dr.  S.  S.  Wheeler. 

Andre-Marie  Ampere  was  the  man 
who  founded  the  science  of  electro- 
dynamics and  his  name  is  to-day  used 
throughout  the  world  to  designate  the 
unit  of  electric  current,  which  is  the  am- 
pere. 


AMPERE    MEMORIAL    TABLET. 

I 

The  tablet,  a  beautiful  piece  of  bronze, 
is  shown  in  the  picture.  It  bears  bas- 
relief  of  Ampere  with  appropriate  in- 
scription. It  was  unveiled  by  the  French 
Ambassador,  M.  Jules  Jusserand,  and 
many  prominent  men  were  present,  in- 
cluding representatives  from  the  four  na- 
tional ensfineerine  societies. 


A  NOVEL  PAY  SYSTFM 

A  novel  pay  system,  designed  to  save 
bookkeeping  and  clerical  work,  is  to  be 
put  into  effect  on  the  Philadelphia  Rapid 
Transit  system.  There  will  be  a  daily 
payment  of  wages  to  motormen  and  con- 
ductors. Each  employe  will  be  paid  at 
his  respective  car  barn  as  he  finishes  his 
run  for  the  day.  The  receiving  clerk 
at  the  barn  will  take  the  conductors'  re- 
turns and  audit  them  immediately. 
Should  no  error  be  found  in  either  the 
returns  or  report,  the  crew  will  at  once 
lie  paid  (he  day's  wage,  the  money  being 
taken  from  the  cash  collected  for  the  day 
bv  the  various  conductors. 


HIGH  FREQUENCY  CURRENT  EXPERIMENTS. 


BY  H.  L.   TRANSTROM. 


In  an  article  which  appeared  in  the 
August  issue  of  Popular  Electricity  it 
was  mentioned  that  long  discharges 
could  be  taken  through  the  body,  at  very 
high  voltages,  from  the  secondary  of  a 
Tesla  coil.  It  must  be  remembered  that 
the  discharges  are  not  confined  to  the 
upper  terminal  but  can  be  taken  along 
the  whole  length  of  the  coil,  decreasing 


but  at  the  same  time  another  discharge 
point  is  noticed  at  the  upper  terminal. 

This  effect  is  caused  by  the  differences 
in  length  of  electrical  waves.  If  we  use 
sound  waves  as  an  analogy  we  can  un- 
derstand the  action  of  electrical  waves 
better.  Sound  as  we  know  travels  about 
1,120  feet  per  second.  If  a  sound  is 
made  that  vibrates  ioo  times  a  second  it 


Fig.    1.  Fig.    2. 

100,000     VOLT     DISCHARGES     TAKEN    THROUGH     THE    HAND. 


in  length  until  the  bottom  is  reached. 
This  is  true  when  the  lower  terminal  is 
grounded  or  connected  to  some  conduct- 
ing body  equivalent  to  a  ground.  If, 
however,  the  secondary  coil  length  is  in- 
creased sufficiently  it  will  be  seen  that  no 
discharge  whatever  takes  place  at  the  up- 
per terminal,  but  instead  gives  the  best 
results  at  a  point  equidistant  from  the 
terminals. 

If  the  number  of  plates  is  changed  this 
point  of  maximum  spark  length  changes 
also ;  if  plates  are  added  the  point  moves 
upward,  if  fewer  plates  are  used  the 
point  moves  downward  correspondingly, 


is  readily  seen  that  each  wave  is  112  feet 
long.  Electricity,  however,  travels  at  the 
rate  of  186,500  miles  per  second,  so  to 
get  an  electrical  wave  of  such  a  short 
length  as  used  in  the  analogy  it  would  be 
necessary  to  have  about  10,000,000 
waves  a  second.  If  these  waves  are  sent 
along  a  wire,  every  100  feet  would  be  a 
point  where  one  wave  would  end  and  an- 
other begin.  But  electrical  waves  are 
each  composed  of  two  alternations,  first 
in  one  direction,  increasing  from  zero 
to  maximum  value  and  then  decreasing 
to  zero  again,  and  reversing  from  zero  to 
maximum  in  the  opposite  direction  and 
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then  to  zero  again.  Each  wave  therefore 
consists  of  two  zero  values  and  two 
maximum  values  or  points. 

If  the  secondary  wire  of  the  Tesla  coil 
is  lengthened  sufficiently  the  zero  value 
will  be  reached  and  therefore  no  spark 
would  result  at  the  end  of  the  wire. 

Fig.  1  shows  how  discharges  can  be 
taken  through  the  body  at  about  100,000 
volts  and  a  frequency  of  about  1,000,000, 
without  the  sensation  of  pain.  The  hand 
in  this  case  is  above  the  heavy  flash,  but 
does  not  show  in  the  picture.  In  this  ex- 
periment one  terminal  is  grounded.  The 
experimenter  should  be  careful  not  to 
stand  near  the  nails  in  the  floor  if  there 
are  any,  as  he  would  be  likely  to  receive 
an  unpleasant  spark  from  them. 

In  Fig.  2  tlie  lower  terminal  of  the 
Tesla  coil  secondary  is  grasped  firmly  in 
one  hand,  while  the  other  is  extended  to- 
wards the  upper  end.  The  hand  receiv- 
ing the  spark  is  plainly  shown.  A  fine 
wire  is  fastened  vertically  from  the  top 
terminal. 

These  pictures  were  not  taken  bv 
flashlight. 


STEAM  BOILERS. 

Men  having  to  do  with  steam  power 
plants  will  find  much  valuable  informa- 
tion condensed  in  the  following  para- 
graphs, taken  from  the  Pittsburg  Reduc- 
tion Company's  Handbook: 

A  cubic  inch  of  water  evaporated 
under  ordinary  atmospheric  pressure  is 
converted  into  one  cubic  foot  of  steam 
(approximately). 

The  weight  of  27.2  cubic  feet  of  steam, 
at  atmospheric  pressure,  is  one  pound, 
while  13.8  cubic  feet  of  air  weigh  1 
pound. 

Boilers  require  for  each  nominal  horse 
power  about  one  cubic  foot  of  feed  water 
per  hour. 

Locomotives  average  a  consumption  of 
3,000  gallons  of  water  per  100  miles  run. 

The  best  designed  boilers,  well  set, 
with  good  draft  and  skillful  firing,  will 
evaporate  from  seven  to  10  pounds  of 
water  per  pound  of  best  quality  coal. 
The  average  result  is  from  25  to  60  per 
cent  below  this. 

In  calculating  horsepower  of  tubular  or 
flue  boilers,  consider  15  square  feet  of 
heating  surface  equivalent  to  one  nom- 
inal horsepower. 


One  square  foot  of  grate  will  consume 
on  an  average  12  pounds  of  coal  per 
hour. 

Condensing  engines  require  from  20 
to  30  gallons  of  water  to  condense  the 
steam  represented  by  every  gallon  of 
water  evaporated — approximately  say 
from  one  to  1^  gallons  per  minute  per 
indicated  horsepower. 

A  boiler  horsepower  is  defined  by  the 
American  Society  of  Mechanical  Engi- 
neers as  the  evaporation  of  30  pounds  of 
water  per  hour  from  ioo°  F.  under  70 
pounds  gauge  pressure. 


GOOD   LIGHT    IS    FACTORY    ECONOMY. 

It  is  said  that  75  per  cent  of  the  errors 
in  any  shop  are  made  during  the  last  few 
hours  of  the  day.  There  can  be  but  one 
reason  for  this — poor  light.  No  laborer 
can  keep  up  his  standard  of  efficiency 
while  working  under  the  handicap  of  poor 
light.     Not  only  are  many  shops  provid- 


AN    ADJUSTABLE     MACHINE    LAMP. 

ed  with  insufficient  light,  but  what  lights 
there  are  only  too  often  are  badly  placed. 
To  get  the  best  results  each  machine 
should  have  individual  illumination.  An 
arrangement  such  as  the  one  shown  in 
the  picture  is  a  very  good  one.  The  lamp 
is  carried  on  a  flexible  arm  or  "goose- 
neck" and  can  be  moved  around  the 
work  in  any  direction  so  as  to  turn  the 
broad  side  of  the  lamp  in  the  direction  in 
which  the  light  is  desired,  whether  down- 
ward, upward  or  horizontal. 


THE  CHICAGO  ELECTRICAL  SHOW. 


The  science  of  electricity  as  it  pertains 
to  heat,  light  and  power;  the  marvelous 
strides  and  wonderful  development  in 
electrical  invention ;  the  thousands  of 
electrical  applications  in  the  movement 
of  the  world's  social  and  industrial  life, 
all  are  exemplified  at  the  Chicago  Elec- 
trical Show,  which  is  in  full  swing  at 
the  time  this  issue  reaches  its  readers. 

The  great  exhibition  is  held  each  year 
in  the  Coliseum,  the  period  this  year 
being  January  16th  to  30th.  From  a 
trade  standpoint  this  annual  exposition  is 
a  great  business  getter,  bringing  togeth- 
er the  seller  and  the  buyer  and  educating 
the  latter  to  the  newer  and  later  devices 
and  inventions  for  saving  time  and  labor. 

To  the  housekeeper  the  Electrical 
Show  is  of  great  importance,  particularly 
so  this  year  owing  to  the  many  new  in- 
ventions to  lighten  the  burden  of  house- 
hold routine  in  cooking,  heating,  light- 
ing- and  decoration.  Inventions  are  seen 
on  every  hand  that  save  time  and  labor 
and  add  comfort  in  the  home,  such  as 
vacuum  cleaners,  improved  laundry  ap- 
paratus, vibratory  machines,  etc. 


A  NEW  USE  FOR  A  NEW  LIGHT. 

One  of  the  largest  cigar  manufacturing 
firms  in  the  world  has  solved  the  hitherto 
impossible  task  of  packing  cigars  by 
night  under  artificial  light.  Previously 
this  work  could  only  be  done  in  the  day- 
time, and  then  only  under  the  most 
favorable  conditions.  The  men  trusted 
with  the  shading,  sub-shading  and  pack- 
ing of  cigars  worked  only  a  few  hours 
of  the  day.  Their  benches  were  located 
near  large  windows  on  the  north  side  of 
the  factories,  away  from  the  brilliancy  of 
actual  sunshine,  and  on  cloudy  days,  or 
when  it  began  to  get  the  least  bit  dusky, 
the  work  had  to  be  suspended  altogether. 
This  inconvenience  was  one  of  the  most 
serious  drawbacks  to  the  cigar  industry. 
The  factories  would  work  night  and  day, 
if  necessary,  but  the  sorting  and  grading 
of  the  finished  product  before  shipping 
could  only  be  done  in  the  pure  light  of 
perfect  day. 

In  one  of  the  large  cigar  factories  in 
Columbia,  Pa.,  only  a  few  weeks  ago  the 


One  of  the  interesting  features  about 
the  show  is  the  fact  that  many  of  the 
exhibits  are  active,  illustrating  the 
advantage  of  motor-driven  machinery. 
The  area  of  the  Coliseum  is  40,000 
square  feet  and  every  available  foot  of 
space  is  utilized,  the  list  of  exhibitors 
including  all  the  leading  electrical  con- 
cerns of  the  United  States. 

Long  before  the  show  opened,  special 
arrangements  were  completed  with  the 
United  States  Navy  Department  at 
Washington  for  the  _  installation  of  the 
complete  electrical  equipment  of  a  mod- 
ern battleship.  Neither  the  public,  nor 
the  electrical  trade  itself,  fully  compre- 
hends an  electrical  equipment  of  this 
character  as  a  whole,  but  the  simple  fact 
that  it  costs  in  the  vicinity  of  $300,000 
to  electrically  equip  one  of  the  great  ar- 
mored sea  fighters  of  today  gives  some 
idea  of  the  greatness  and  importance  of 
an  exhibit  of  this  character.  This  ex- 
hibit will  not  only  be  of  great  interest  to 
the  general  public,  but  will  open  a  new 
field  for  electrical  manufacturers  who 
have  never  bid  for  United'  States  Navy 
work. 


work  of  packing  the  finished  cigars  was 
far  behind,  owing  to  intense  smoke  from 
the  great  forest  fires,  which  practically 
hid  the  sun.  The  superintendent  of  the 
factory  was  discussing  his  troubles  with 
the  superintendent  of  the  electric  light 
station,  which  led  easily  into  a  talk  on 
the  merits  of  the  new  metal  filament  elec- 
tric lights.  As  a  result  of  this  argu- 
ment an  illuminating  engineer  from  Har- 
rison, N.  J.,  was  called  in  and  asked  to 
make  a  series  of  tests  in  the  factory,  uti- 
lizing the  new  lamps,  to  see  if  any  of 
them  were  suitable  for  the  difficult  task 
of  sorting  and  packing  cigars. 

All  the  new  types  of  electric  lights 
which  have  been  developed  in  the  past 
few  years  were  given  a  thorough  test 
but  it  was  not  until  the  new  tungsten 
electric  incandescent  lamps  were  used 
that  the  experiment  showed  any  signs 
of  success.  A  number  of  the  new  tung- 
sten lamps  were  suspended  directly  over 
the  sorting  tables.  They  give  a  pure 
white  light,  which  is  very  closely  allied 


POPULAR    ELECTRICITY 


633 


with  actual  sunshine,  and  every  color  of 
the  spectrum,  with  every  degree  of  shade 
and  tint,  stood  out  as  clearly  as  though 
the  sun  was  shining.  After  several  hours, 
wherein  not  one  of  the  experts  could  de- 
tect any  flaw  in  the  work,  the  cigars  sort- 
ed under  the  rays  from  the  tungsten 
lamps  were  laid  aside  until  the  next  day. 
A  careful  inspection  of  the  lot  under  the 
natural  rays  of  Old  Sol  failed  to  dis- 
close a  single  mistake.  The  work  done 
the  night  before  was  pronounced  perfect, 
and  an  order  was  immediately  given  for 
the  wiring  of  the  sorting  room  and  the 
installation  of  tungsten  lamps. 


THE  GUNNISON  IRRIGATING  TUNNEL. 

One  of  the  most  important  irrigation 
systems  of  the  West  undertaken  by  the 


considered  and  the  fact  is  noted  that 
nearly  five  miles  of  the  tunnel  were  driv- 
en from  two  headings,  one  at  each  end, 
without  intermediate  shafts  for  the  re- 
moval of  excavated  material  or  for  ven- 
tilation. 

The  Gunnison  tunnel,  forming  a  part 
of  the  Uncompahgre  Valley  Irrigation 
project,  is  designed  to  reclaim  nearly  a 
sixth  of  a  million  acres  of  land  in  Col- 
orado. The  grade  of  the  tunnel  is  about 
six  feet  below  the  lowest  point  of  the 
bed  of  the  river,  and  it  is  designed  for  a 
capacity  of  1,300  cubic  feet  of  water  per 
second,  with  a  velocity  of  12.6  feet  per 
second,  the  tunnel  being  10  feet  in  width 
at  grade.  The  height  from  the  floor  to 
the  highest  point  is  about  12  feet,  the 
walls  slightly  sloping  to  the  base  of  the 
arched  roof  or  invert. 


PORTAL    OF   THE   GUNNISON    TUNNEL    WITH    ELECTRIC    LOCOMOTIVE    IN 

FOREGROUND. 


United  States  Reclamation  Service  is 
that  of  the  Uncompahgre  Valley  project 
in  the  west-central  part  of  Colorado,  in 
which  the  Gunnison  tunnel  is  an  impor- 
tant feature.  This  tunnel  is  nearly  six 
miles  in  length  and  therefore  one  of  the 
longest  tunnels  in  America.  It  is  a  re- 
markable fact  that  the  tunnel  ranges  in 
materials  from  hard  rock  to  soft  mud 
and  is  a  remarkable  undertaking  when 
the  height  of  the  mountain  penetrated  is 


Electric  power  was  used  almost  ex- 
clusively in  the  construetion  of  the  tun- 
nel, and  a  plant  of  1.000  horsepower  to 
furnish  the  necessary  energy  was  built 
on  the  spot.  As  work  on  the  tunnel  pro- 
gressed, the  big  tube  was  lighted  by  elec- 
tric lamps,  and  electric  locomotives 
hauled  away  the  excavated  material.  The 
accompanying  picture  shows  the  river 
portal  of  the  tunnel  and  one  o\  the  elec- 
tric locomotives, 


ELECTRICAL  MEN  OF  THE  TIMES. 

DUGALD  C.  JACKSON. 


Dugald  Caleb  Jackson,  professor  of 
electrical  engineering  at  the  Massa- 
chusetts Institute  of  Technology,  Boston, 
is  a  man  who  is  at  once  a  prominent  edu- 
cator, a  consulting  engineer  of  wide 
practice,  a  versatile  inventor,  a  man  of 
considerable  business  interests,  an  author 
of  technical  books,  an  expert  in  patent 
litigation  and  one  who  has  put  his  knowl- 
edge of  electrical  engineering  to  several 
and  varied  uses,  such  as  being  a  juror 
of  award  at  international  expositions,  a 
member  of  state  and  municipal  commis; 
sions  to  investigate 
questions  of  public 
utility,  and  the  like. 
This  is  a  combination 
which  is  difficult  to 
parallel  in  any  coun- 
try except  the  United 
States,  and  indeed  it 
may  be  said  that  few 
engineers  or  college 
professors  in  this 
country  have  had  the 
exceptional  experi- 
ence which  Professor 
Jackson  has  to  his 
credit. 

Coming  from 
Quaker  stock,  Mr. 
Jackson  was  born  in 
Kennett  Square,  Pa., 
February  13,  1865. 
He  graduated  from 
Pennsylvania  State  College  in  1885,  and 
afterwards  spent  two  years  at  Cornell  in 
graduate  study  of  electrical  engineering. 
In  1887,  with  J.  G.  White,  he  organized 
the  Western  Engineering  Company,  at 
Lincoln,  Neb.  This  company  built  im- 
portant electric  railways  and  lighting 
plants  and  also  one  of  the  first  hydro- 
electric installations  in  the  country.  Later 
the  subject  of  this  sketch  became  asso- 
ciated with  electric  manufacturing  com- 
panies, eventually  becoming  district  en- 
gineer for  the  Edison  General  Electric 
Company,  with  headquarters  in  Chicago. 
Here  he  had  to  solve  the  electrical  prob- 
lems of  a  territory  covering  thirteen 
states,  and  in  those  davs  there  were  im- 


portant electrical  problems;  no  less  im- 
portant than  those  which  arise  at  the 
present  time. 

In  189 1  the  department  of  electrical 
engineering  was  established  in  the  Uni- 
versity of  Wisconsin  at  Madison,  and 
Mr.  Jackson,  whose  work  had  attracted 
attention,  accepted  an  invitation  to  be- 
come professor  of  electrical  engineering 
in  that  university.  For  16  years  he  held 
this  chair.  The  department  established  a 
high  reputation,  and  this  fact  was  largely 
owing  to  Professor  Jackson's  conspicu- 
ous ability  and  untir- 
ing labors.  Two  years 
ago  he  was  made  pro- 
fessor of  electrical 
^hk  engineering    at 

"Tech"  in  Boston, 
which  has  a  repu- 
tation second  to  that 
of  no  other  engineer- 
ing school  in  the 
country.  This  posi- 
tion  he   still  holds. 

Professor  Jackson 
has  never  relin- 
quished his  inde- 
pendent practice  as 
consulting  engineer. 
Withal,  he  has  an  in- 
terest in  several 
manufacturing  com- 
panies, and  is  a  mem- 
ber of  various  engi- 
neering and  scientific  societies,  both  at 
home  and  abroad,  as  well  as  a  number 
of  social  clubs.  In  short,  he  is  a  man  of 
quite  unusual  capacity,  energy  and  en- 
thusiasm. 

Of  late  this  indefatigable  engineer  has 
served  on  several  public  commissions, 
notably  those  to  report  on  the  equitable 
price  of  electric  lighting  in  Boston,  on 
the  telephone  situation  in  Chicago  at  the 
expiration  of  the  local  company's  former 
franchise,  and  on  the  telephone  situa- 
tion in  the  state  of  Massachusetts  as 
taken  up  by  the  Highway  Commissions. 
He  is  a  strong  advocate  of  the  establish- 
ment of  schools  to  give  instructions  in 
trades. 


POPULAR  ELECTRICITY  WIRELESS  CLUB. 

Membership  in  Popular  Electricity  Wireless  Club  is  made  up  of  readers  of  this  maga- 
zine who  have  constructed  or  are  operating  wireless  apparatus  or  systems.  Membership 
blanks  will  be  sent  upon  request.  This  department  of  the  magazine  is  devoted  to  the  in- 
terests of  the  Club  and  members  are  invited  to  assist  in  making  it  as  valuable  and 
interesting  as  possible,  by  sending  in  descriptions  and  photographs  of  their  equipments. 


A  GOOD  START. 

Since  the  announcement  was  made  in 
the  January  issue  of  the  organization  of 
Popular  Electricity  Wireless  Club  every 
evidence  of  enthusiasm  in  the  project  is 
being  shown.  Application  blanks  and 
letters  were  sent  out  before  the  appear- 
ance of  the  last  issue  to  a  limited  num- 
ber whom  we  already  knew  to  be  inter- 
ested in  wireless  work,  and  these  almost 
without  exception  have  responded  favor- 
ably and  are  now  members  of  the  Club. 
After  the  announcement  in  the  magazine 
appeared  requests  for  membership  imme- 
diately began  to  come  in  and  there  has 
been  apparently  no  let-up,  so  the  pros- 
pects for  a  large  membership  are  very 
flattering. 

The  Club  buttons  or  pins  are  not  quite 
ready  as  yet,  but  will  be  soon,  and  when 
they  have  been  made  up  one  will  be 
mailed  to  each  member. 

Now  in  order  to  make  the  Club  a  suc- 
cess we  want  as  many  members  as  possi- 
ble. So  please  do  not  rest  with  merely 
sending  in  your  name.  Send  in  the  names 
and  addresses  of  all  those  you  know  who 
are  eligible  to  membership.  Every  indi- 
vidual member  can  do  a  great  deal  to 
"boost  the  game."  Remember,  we  are 
after  those  1,000  names  by  January, 
1910. 


COMPLETE    WIRELESS     RECEIVING    SET 
FOR    AMATEURS. 

Readers  of  the  Junior  Section  who  are 
experimenting  in  wireless  telegraph  will 
be  interested  in  the  receiving  set  which 
is  illustrated  herewith  and  which  is 
known  as  the  ABC  receiver  and  which 
works  on  the  principle  of  the  Hughes 
microphone.  The  carbon  pencils  with 
the  needles  across  them  form  a  high  re- 
sistance path,  which  on  the  passage  of  a 
wireless  wave,  lowers  its  resistance  and 
gives  the  signal  in  the  receiver.  The 
moment  the     wireless     wave     ceases  to 


flow,  the  resistance  goes  up  again,  until 
another  wave  strikes  it. 

The  instrument  is  an  instantaneous 
de-coherer,  and  when  kept  in  a  space 
free  from  vibration,  it  is  very  sensitive. 

Formerly,  in  order  to  receive  wireless 
messages,  it  was  always  necessary  to 
have  an  antenna  pole,  and  if  very  excel- 
lent results  were  desired,  an  expansive 
aerial  had  to  be  erected.  In  connection 
with  this,  tuning  coils,  potentiometer, 
condensers,  a  pair  of  high  wound  re- 
ceivers, and  a  detector,  were  all  neces- 
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WIRELESS  RECEIVING  SET. 

sary  to  receive  messages.  With  all  these 
complicated  instruments,  a  more  or  less 
thorough  electrical  knowledge  was  also 
necessary. 

With  this  set  all  that  needs  to  be  done 
now  is  to  run  one  wire  from  the  instru- 
ment to  the  water  pipe  and  the  other  to 
the  gas  pipe,  and  messages  can  be  re- 
ceived in  any  house.  Or  else  run  one 
wire  to  the  fire  escape  and  the  other  to 
the  water  pipe,  which  will  give  the  same 
lesults. 

To  install  the  set,  scrape  six  inches  of 
insulation  from  a  piece  of  bell  wire,  firm- 
ly connect  the  bare  wire  to  the  water 
pipe,  which  has  been  scraped  clean  with 
an  old  knife.  Do  the  same  with  the  gas 
pipe.  Now  connect  the  wire  from  the 
water  pipe  to  one  post  of  the  instrument 
and  from  the  gas  pipe  to  the  other  post. 
Fasten  the  tips  of  the  telephone  receiver 
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cord  to  the  remaining  two  posts,  which 
are  unmarked. 

Place  the  instrument  on  a  solid 
straight,  flat  surface,  free  from  vibra- 
tion ;  lay  the  needle  straight  across  the 
two  knife  edges  of  the  two  carbon  pen- 


cils and  place  the  telephone  receiver  to 
the  ear.  Lightly  tap  the  finger  pail  on 
one  of  the  posts,  holding  the  carbon  until 
a  slight  boiling  noise  is  heard.  When 
this  is  obtained,  the  instrument  is  adjust- 
ed sensitively. 


WONDERS  OF  "WIRELESS"  IN  A  NEW    SPHERE. 


Crash ! 

The  sound  made  itself  heard  above 
the  whistling  of  the  wind  on  the  roof  of 
the  Bellevue  Hotel. 

Crash !  Crash !  —  New  York  was 
speaking  to  the  operator  of  the  wire- 
less station  newly  installed  on  the  roof 
of  Philadelphia's  fashionable  hostelry. 
Over  the  heads  of  sleeping  thousands 
of  Gotham,  across  the  Hudson,  high  up 
in  the  atmosphere  that  curtained  New- 
ark, through  the  clouds  that  overhung 
Trenton,  straight  to  the  Quaker  City  and 
so  to  the  wireless  man's  eyrie  traveled 
the  mysterious  waves,  until  thev  found 
their  destination  and  aroused  to  life  the 
machinery  in  the  operating  room  of  the 
aerogram  company.  To  the  ears  of  the 
lone  operator,  locked  in  the  "wireless" 
receiving  office  eighteen  stories  above  the 
level  of  the  street,  came  the  faint  tap, 
tap,  tap  of  the  Morse  code. 

"Tell  James  Vernon,  guest  of  hotel, 
his  wife  seriously  hurt  in  auto  accident. 
Return  immediately." 

A  little  later  the  sparks  flew  again, 
the  .giant  awoke  to  life  once  more  and 
this  message  came  tapping  through  the 
receiver  : 

"Relay  to  Havana  steamer,  now  off 
coast:  Mr.  James  Devereux,  bound  for 
Cuba — Birthday  greetings  from  us  all 
to  our  dear  daddy  at  sea — Dorothy." 

One  minute  the  rigging  high  over  the 
Bellevue  roof  catches  a  message  of  joy, 
the  next  one  of  sorrow,  then  comes  a 
despatch  fraught  with  deep  significance 
to  some  business  man,  and  again  the 
wires  will  catch  a  jocular  greeting  to  a 
passenger  arriving  on  an  incoming 
steamer.  The  wireless  wonder,  as  yet 
like  that  other  aerial  problem,  the  flying 
machine — in  its  infancy — will  reach  the 
voyager  anywhere  on  the  Atlantic 
coast. 

The  operator  on  the  Bellevue  roof, 
catching  messages  from  New  York,  will 


relay  them  to  points  down  the  line  until 
the  farthest  point  south  is  reached. 
Sometimes  it  is  difficult  to  complete  the 
chain.  A  link  will  be  mysteriously  miss- 
ing somewhere  and  the  operator  is  then 
confronted  with  the  interesting  task  of 
searching  the  air  for  a  relay  point.  With 
the  general  adoption  of  "wireless"  by 
passenger  ships  it  is  becoming  less  and 
less  difficult  to  find  a  lodging  place  for 
a  Morse  message.  Sometimes  a  wander- 
ing warship  will  catch  and  transmit  the 
message.  Possibly  a  kindly  liner  will 
come  within  the  zone  of  the  message  and 
will  pass  along  the  aerogram  to  the  next 
relay  station.  It  is  seldom  that  the  pa- 
tient persistency  of  the  operator  fails  to 
keep  the  message  from  reaching  its  des- 
tination. 

Contrary  to  popular  belief  the  "wire- 
less" message  is  not  read  by  the  flashing 
of  a  spark  of  greater  or  lesser  length. 
The  operator  listens  to  the  message  and 
reads  it  by  the  sound  in  his  ears.  He 
wears  a  harness  over  his  head,  of  the 
kind  that  arches  the  wavy  locks  of  a 
"hello"  girl  when  she  is  at  work  in  tele- 
phone headquarters.  With  the  sounding 
pads  of  this  harness  at  his  ears  the  oper- 
ator in  the  "wireless"  room  hears  the 
click,  click  of  the  Morse  code  and  reads 
the  message. 

In  front  of  the  operator  at  the  Belle- 
vue station  is  a  square  box  that  contains 
the  newest  and  most  important  of  the 
"wireless"  improvements.  It  is  known 
to  the  craft  as  the  "tuning  box."  The 
sprite  in  this  box  reaches  out  for  the 
messages  intended  for  that  particular 
station,  sorts  them  from  numerous  oth- 
er aerograms  that  may  be  cavorting 
around  loose  in  the  atmosphere  and 
brings  them  to  the  ears  of  the  one  oper- 
ator who  is  entitled  to  receive  them.  Be- 
fore the  invention  of  this  device  the  wire- 
less service  was  run  in  a  sadly  hampered 
fashion.     There  was  nothing  to  prevent 
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messages  from  wandering-  into  strange 
operating  rooms,  and  confusion  doubly 
confounded  prevailed  when  the  air  was 
full  of  aerograms. 

With  much  misgiving  and  incredulity 
the  guests  at  the  Bellevue  are  induced  to 
try  the  aerogram  method  of  transmission. 
It  is  customary  for  one  of  the  women 
guests  to  hand  in  her  message  with  the 
air  of  one  who  would  like  to  believe  that 
it  can  be  transmitted  to  the  address  she 
gives,  without  the  agency  of  wires,  but 
finding  it  too  much  a  stretch  of  the  im- 
agination she  tries  it  as  a  sort  of  joke 
and  as  something:  to  make  conversation 


SHE     APPROACHES    THE    INSTRUMENT 
WITH    SOME    MISGIVINGS. 


with  when  she  meets  her  friends.  Great 
is  the  astonishment  when  the  message 
cast  on  the  air  not  only  reaches  its  desti- 
nation in  New  York  or  Washington,  but 
secures  a  reply  by  the  same  remarkable 
route. 

The  appearance  of  the  plant  does  much 
to  impress  those  who  are  favored  with  a 
view  of  the  wireless  office  on  the  roof. 
The  enormous  power  that  awakens  to  life 
with  a  grinding1  crash,  the  vivid  life  in 
the  spark,  the  lurking  demon  in  the  wire 
that  the  operator  can  drag  into  fiery  vi- 
tality are  impressive  enough.  On  a  windy 
day,  too,  there  is  a  dramatic  interest   in 


CONTROLLING    THE    ttENII    OF    THE 
WIRELESS. 

the  weird  sighing  of  the  wind  through 
the  wires  that  stretch  from  the  tall  pole 
over  the  aerogram  office.  It  seems  as 
though  the  genii  of  the  "wireless''  are 
imprisoned  in  the  singing  stretches  of  in- 
sulated copper,  pent  there  for  the  espe- 
cial purpose  of  enabling  the  human  fam- 
ily to  converse  from  far  removed  centers 
without  intervening:  wires. 


AMATEURS  WIRELESS  OUTFIT. 

Few  amateurs  experimenting  in  wire- 
less telegraphy  have  a  more  complete 
equipment  than  the  one  shown  in  the 
picture,  which  is  a  view  of  the  laboratory 
of  James  Cruso,  Newark,  N.  J.  The  in- 
struments shown  comprise  a  combina- 
tion set  over  which  the  experimenter  is 


AMATEUR'S    WIRELESS    OUTFIT. 
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able  to  send  and  receive  telephone,  tele- 
graph or  written  messages  by  wireless. 
The  written  messages  are  recorded  by  a 
pen  marking  on  a  revolving  paper  cylin- 
der, in  the  Morse  code.  The  movements 
of   the   pen   are   controlled   by   wireless 


waves.  Mr.  Cruso  owns  a  small  store, 
but  all  his  spare  time  is  spent  in  the 
laboratory  and  his  ingeniously  built  ap- 
paratus is  a  source  of  much  interest  not 
only  to  himself  but  to  his  customers  as 
well. 


WIRELESS     TELEPHONY     BY     THE     FESSENDEN 

SYSTEM. 


BY  V.    H.   LAUGHTER. 


Following  closely  on  the  heels  of  wire- 
less telegraphy  is  the  still  later  art  of 
wireless  telephony.  To  the  casual  ob- 
server who  has  not  gone  deeply  in  the 
study  of  the  art,  it  was  puzzling  why  we 


brought  about  to  place  wireless  telephony 
on  a  practical  basis. 

In  wireless  telegraphy  communication 
is  established  by  having  a  transforming 
device  which  steps  up  a  low  voltage  cur- 


FIG.     I.     FESSENDEN    WIRELESS   APPARATUS. 


should  not  have  wireless  telephony  with 
the  telegraph.  The  investigators  who 
took  up  the  subject,  however,  soon  found 
that  the  actual  working  was  vastly  differ- 
ent, and  broad  changes  would  have  to  be 


rent  to  several  thousands  of  volts,  one 
terminal  of  the  high  voltage  side  leading 
to  an  aerial  radiating  wire  and  the  lower 
imbedded  in  the  earth.  A  telegraph  key 
is  included  in  the  low  voltage  side,  this 
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key  being  used  to  break  the  current  up  in 
the  respective  dots  and  dashes  of  the 
Morse  code.  When  the  key  is  pressed 
the  transforming  action  is  started  and  the 
high  voltage  current  is  discharged 
through  the  aerial  and  ground  setting  up 
a  wave  disturbance  in  the  ether  which  is 
picked  up  by  a  receiving  end  and  trans- 
formed into  the  code. 

This  wave  disturbance  which  is  set  up 
by  the  transforming  device  is  periodic  in 
character,  as  the  spark  coil  employs  a 
mechanical  break,  and  if  a  commercial 
transformer  is  used  the  natural  reversals 
of  the  alternating  current  give  a  per- 
iodic motion.     Hence  in  either  case  the 


was  discovered  by  Prof.  Elihu  Thomson 
in  1892.  The  value  of  this  device  for 
wireless  telephony  was  not  realized  at 
that  time,  but  was  afterwards  given  pub- 
licity by  Poulsen  in  his  system  of  wire- 
less telephony  and  later  on  by  a  number 
of  American  investigators  all  using  the 
same  method  with  slight  variations.  A 
complete  description  of  a  system  employ- 
ing this  type  of  generator  was  given  in 
the  July  issue  under  the  heading  of  the 
"DeForest  System  of  Wireless  Tele- 
phony." 


i 


n 


FIG.    2. 

dots  and  dashes  of  the  code  would  con- 
tain several  hundred  such  breaks,  and  if 
it  were  tried  to  impress  on  this  current 
the  modulations  of  the  human  voice  the 
breaks  would  destroy  all  inflections  of 
speech  and  give  a  rumbling  noise  at  the 
receiving  end. 

To  overcome  this  factor  and  render  it 
possible  to  transmit  speech  over  space  a 
number  of  investigators  have  turned 
their  time  to  the  perfection  of  a  constant 
wave  generator  which  would  set  up  con- 
tinuous wave  motion,  and  it  would  only 
remain  to  impress  on  this  wave  the  in- 
flections of  speech  which  would  be 
picked  up  by  a  suitable  receiving  end. 

The  earliest  form  of  such  a  generator 


FIG.    3. 

Prof.  Fessenden  has  devoted  his  time 
to  the  perfection  of  a  system  which  bears 
his  name  and  which  is  designed  to  trans- 
mit long  distances.  This  has  been  de- 
veloped to  such  an  extent  that  speech  has 
been  heard  over  a  distance  of  200  miles. 

The  Fessenden  wireless  telephone  dif- 
fers broadly  from  that  of  other  investi- 
gators, namely,  in  the  method  of  generat- 
ing the  alternations,  tor  which  is  em- 
ployed a  high  frequency  alternator.  This 
alternator  has  been  run  at  a  frequency  of 
100,000  cycles  per  second,  but  has  a  nor- 
mal speed  of  80,000  for  general  use. 

In  Fig.  1  is  shown  one  type  of  high 
frequency  alternator,  dynamo,  rheostat 
and  other  instruments. 
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The  plan  for  connecting  up  the  send- 
ing end  is  shown  in  Fig.  2.  Here  (E) 
represents  the  high  frequency  alternator. 
The  complete  transmitter  comprises  the 
diaphragm  (A),  the  internal  diaphragm 
(B),  the  cup  containing  the  loose  mass 
of  conductive  filings  (C),  and  the  back 
diaphragm  (D). 

The  receiving  end  is  shown  in  Fig.  3 
and  consists  of  the  transformer  coil  with 
the  primary  terminals  connected  to  the 
aerial  and  ground.  The  secondary  leads 
to  the  receiver,  with  suitable  condensers 
connected  in  the  circuit  as  shown. 

High  frequency  alternations  flow 
from  one  side  of  the  commutator  to  the 
ground  and  from  the  opposite  side  to  the 
aerial  wire  through  the  transmitter.  If 
the  diaphragm  (A)  be  spoken  against 
while  the  current  is  flowing,  the  internal 
diaphragm  (B)  will  vibrate  with  (A) 
and  set  up  a  like  vibration  in  the  mass  of 
conductive  granules  which  rest  in  the 
chamber  (C).  This  will  change  the  cur- 
rent flowing  through  to  the  same  propor- 
tion and  set  up  a  wave  disturbance  in  the 
ether  impressed  with  the  variations  of 
the  spoken  words.  This  wave  motion  is 
picked  up  by  the  aerial  wire  of  the  receiv- 
ing end  and  transformed  into  words  in 
the  telephone  receiver. 

WIRELESS  QUERIES. 

ANSWERED  BY  V.   H.  LAUGHTER. 


WIRELESS   ON  THE  GREAT  LAKES;  SILI- 
CON   DETECTOR: 

Questions. —  (A)  Are  there  any  other  boats 
on  the  great  lakes  equipped  with  wireless  sets 
except  the  City  of  Cleveland?  (B)  Could  a 
silicon  detector  such  as  described  in  the  July 
issue  be  used  in  receiving  up  to  five  miles? 
If  so  how  many  ohms  resistance  would  the 
telephone  receivers  have  to  be?  (C)  Should 
the  surface  of  the  silicon  button  be  pointed  or 
flat?  How  large  should  it  be  and  where  could 
it  be  procured?  (D)  How  high  should  the 
aerial  be.  and  what  size  wire?  (E)  Would 
you  recommend  this  style  of  detector  for  this 
purpose? — S.  R.  R.,  Chatham.  Ontario,  Can. 

Answers. — We  would  refer  you  to  the 
Clark  Wireless  Telegraph-Telephone  Co. 
of  Detroit,  Mich.,  who  can  no  doubt  give 
you  this  information. 

(B)  The  silicon  detector  will  receive 
up  to  several  hundred  miles.  The  sili- 
con detector  works  best  when  used  with 
high  wound  receivers  of  at  least  1,000 
ohms. 


(C)  The  surface  of  the  silicon  button 
usually  comes  pointed,  as  it  is  very  hard 
to  finish  off  flat.  The  working  is  the 
same  with  pointed  and  flat  surfaces.  The 
size  employed  varies,  being  about  }£- 
inch  thick  and  ^2-inch  wide  for  the 
smallest  size.  We  cannot  give  the  names 
of  manufacturers  in  this  department. 
You  should  consult  the  advertising  pages. 

(D)  See  the  "Wireless  Telegraphy 
Made  Simple"  series  in  the  August, 
1908,  issue  of  this  magazine,  which 
treats  of  different  styles  of  aerials. 

(E)  The  silicon  detector  is  especially 
recommended  for  the  above  use. 


CONDENSERS;    PRIMARY    WINDING. 

Questions. —  (A)  How  are  the  number  and 
size  of  sheets  of  tinfoil  for  condensers  deter- 
mined for  any  given  coil?  (B)  If  I  have  two 
or  three  small  condensers  could  not  they  be 
made  to  answer  for  a  larger  one  by  connecting 
in  parallel?  (C)  Does  the  voltage  developed 
by  each  layer  of  primary  winding  decrease  in 
value  as  the  distance  from  the  core  is  in- 
creased? (D)  What  is  double  cotton  covered 
or  silk  covered  magnet  wire  used  for?  (E) 
Will  it  do  any  harm  to  place  the  secondary 
terminals  of  a  coil  together  while  in  opera- 
tion?—O.  H.,  Rumford,  N.  J. 

Answers. —  (A)  This  is  not  deter- 
mined by  mathemathical  methods,  but 
by  the  "cut  and  try"  rule.  The  number 
of  points  involved  brings  in  quite  a  lot 
of  theoretical  matter  and  the  dimensions 
are  usually  misleading  owing  to  the  large 
variations.  The  manufacturer  sets  up 
tables  from  actual  experiments  and 
from  these  the  dimensions  are  had. 

(B)  Yes.  The  more  condensers  con- 
nected in  parallel  the  greater  the  capa- 
city. 

(C)  The  magnetic  effects  of  the  wind- 
ing decrease  as  the  distance  from  the 
core  increases,  and  in  view  of  this  fact 
the  primary  winding  is  placed  as  near 
the  core  as  possible.  However,  suitable 
insulation  should  be  interposed  between 
the  two,  as  otherwise  the  current  will 
seek  the  more  conductive  path  of  the 
iron  core. 

(D)  The  wire  in  question  is  used  for 
a  variety  of  purposes  such  as  the  wind- 
ing of  coils,  telephone  ringers,  etc. 

(E)  This  is  not  advisable  as  the  cur- 
rent, if  strong  enough,  would  melt  some 
portions  of  the  secondary  winding,  mak- 
ing it  necessary  to  rewind  the  same  to 
find  the  break. 
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SPARK  COIL. 

Questions. —  (A)  in  using  a  %-inch  spark 
coil  for  sending  wireless  messages  I  get  a  good 
spark  without  the  aerial  and  ground,  but  as 
soon  as  the  switch  connecting  the  aerial  and 
ground  is  thrown  in  I  can  hardly  get  an  %- 
inch  spark.  My  aerial  is  well  insulated  to 
prevent  undue  leakage.  Will  you  explain 
where  the  trouble  lies?  (B)  How  many  dry 
cells  should  be  used  for  the  above  coil?  (C) 
Are  dry  cells  practical  for  this  use? — D.  H., 
New   Brighton,   N.   Y. 

Answers. — (A)  The  reduction  of  the 
spark  in  the  case  you  mention  is  a  very 
common  occurrence  when  the  small  size 
coil  is  used.  With  the  aerial  and  ground 
connected  to  the  opposite  sides  of  the 
gap,  the  greater  portion  of  the  energy  is 
dissipated  at  these  two  extremities,  and 
in  consequence  the  spark  across  the  gap 
is  reduced.  To  remedy  the  trouble  re- 
duce the  spark  gap  to  at  least  %  inch  and 
bridge  two  small  Leyden  jars  across  the 
circuit.  This  will  make  the  spark  fat 
and  heavy. 

(B)  Four  to  six  cells  should  operate 
the  coil. 

(C)  Yes. 


SPARK  COIL  DESIGN. 

Questions. —  (A)  I  have  wound  a  spark  coil 
with  two  pounds  of  No.  36  double  cotton  cov- 
ered wire  for  the  secondary  and  three  layers 
of  No.  16  double  cotton  for  the  primary.  The 
condenser  is  made  up  of  25  feet  of  six  inch 
wide  tinfoil  and  the  core  is  %  inches  by 
seven  inches,  of  soft  iron  wire.  The  length 
of  the  coil  is  six  inches.  Could  you  tell  me 
what  size  spark  I  should  get?  (B)  What  are 
the  dimensions  of  a  six  inch  coil  for  wireless 
use?  (C)  Is  the  Leyden  jar  a  good  conden- 
ser? (D)  What  is  the  "best  kind  of  inter- 
rupter to  use? — F.  G.  H.,  Chicago,  111. 

Answers.— (A)  The  coil  will  probably 
give  a  iy2  inch  spark  with  a  good  vibra- 
tor and  strong  storage  cell.  However, 
the  dimensions  are  not  the  best.  You 
have  placed  too  much  of  the  secondary 
wire  in  too  small  a  space  to  get  the  maxi- 
mum results.  We  would  recommend  a 
core  Sy2  inches  long  wound  with  two  lay- 
ers of  No.  14  magnet  wire,  the  second- 
ary having  a  total  length  of  jy2  inches. 
This  will  give  a  good  magnetic  field 
which  is  necessary  to  get  results. 

(B)  The  dimensions  of  a  standard  six 
inch  coil  are  as  follows :  Core  13  inches 
long  il/4.  inch  in  diameter,  wound  with 
two  layers  of  No.  14  wire  for  the  pri- 
mary.   For  the  secondary,  6T<  pounds  of 


No.  36  magnet  wire.  For  wireless  use 
the  core  should  be  slightly  increased  in 
size  with  a  larger  amount  of  heavy  wire 
for  the  secondary. 

(C)  The  Leyden  jar  is  one  of  the  best 
condensers  known.   . 

(D)  This  is  matter  of  choice,  but  for 
your  purpose  we  would  recommend  a 
good  adjustable  vibrator  of  the  "make 
and  break"  type. 


AERIALS  AND  TRANSFORMERS. 

Questions. —  (A)  How  high  does  the  anten- 
nae have  to  be  to  receive  messages  300  miles 
distant  with  a  carborundum  detector?  (B) 
What  size  wire  is  best  suited  for  the  anten- 
nae? (C)  Where  can  I  buy  a  750-watt  trans- 
former and  what  is  the  price?  (D)  Can  this 
transformer  be  attached  to  a  110  volt  circuit 
or  will  it  ruin  the  meter? — O.  R.,  Tacoma, 
Wash. 

Answer 's. —  (A)  We  would  say  any- 
where from  100  to  180  feet.  This  will 
also  depend  on  the  strength  of  the  send- 
ing end  and  the  sensitiveness  of  the  re- 
ceiving end. 

(B)  For  experimental  use  one  made  of 
No.  14  copper  will  answer. 

(C)  We  cannot  give  the  names  of 
manufacturers  in  this  department. 

(D)  The  transformer  can  be  operated 
on  the  circuit  without  damage  to  the 
meter. 


WIRELESS  SYSTEM. 

Questions. —  (A)  What  size  coil  is  necessary 
to  send  up  to  2,000  feet  and  how  can  I  make 
it?  (B)  How  high  should  the  aerial  be  for 
this  distance?  (C)  Will  a  single  pole  bell  pat- 
tern receiver  be  of  any  use?  (D)  What  form 
of  detector  is  best  to  use  with  the  telephone 
receiver  and  how  can  I  construct  it?  (E)  Is  a 
tuning  coil  necessary? — P.  E.,  Minneapolis, 
Minn. 

Answers. — (A  and  B)  A  l/2  inch  coil 
will  send  up  to  the  distance  you  name. 
For  the  construction  of  the  coil  and 
points  on  the  construction  of  a  simple 
set  we  would  refer  you  to  the  "Wireless 
Telegraphy  Made  Simple"  article  in  the 
May,  1908,  issue  of  this  magazine. 

(C)  The  receiver  can  be  used  in  con- 
nection with  any  type  of  self  restoring 
detector  such  as  the  liquid,  carborundum. 
etc. 

(D)  By  referring  to  the  article  "Wire- 
less Telegraphy  Made  Simple"'  in  the 
July,  190S.  issue  you  will  find  the  meth- 
od for  constructing  the  liquid  detector. 

(F)  No. 
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WIRELESS  RECEIVING  END. 

Questions. —  (A)  Up  to  what  distance  should 
I  be  able  to  receive  with  the  following  equip- 
ment :  Antenna  190  feet  long  and  65  feet  high, 
tuning  coil,  potentiometer,  adjustable  condens- 
er, carborundum  detector  and  75  ohm  receiv- 
er? (B)  What  are  the  call  letters  of  the  fol- 
lowing stations  :  Sea  Gate  Coney  Island,  Fort 
Totten  Long  Island,  Plaza  Hotel,  Belmont  and- 
Waldorf  of  New  York  City?  (C)  How  is  the 
wave  length  of  a  tuning  coil  determined?  (D) 
How  is  a  Marconi  magnetic  detector  construct- 
ed? (E)  Will  rust  on  an  antenna  have  any 
effect  on  the  sending  and  receiving  of  mes- 
sages?— G.  J.  C,  Flushing,  N.  Y. 

Answers. —  (A)  The  receiving  end 
you  have  described  is  standard  with  the 
exception  of  the  receiver.  By  employing 
1,000-ohm  receivers  in  place  of  the  75 
ohm  you  should  be  able  to  catch  mes- 
sages from  stations  several  hundred 
miles  away.  There  is  no  necessity,  how- 
ever, in  making  the  antenna  190  feet 
long.  Elevate  as  high  as  possible  and 
reduce  the  length  to  about.  25  feet. 

(B)  We  have  examined  several  lists 
of  wireless  stations,  but  do  not  find  those 
you  have  named.  The  stations  have  not 
yet  been  entered  and  consequently  we 
cannot  gfive  the  call  letters. 

(C)  On  the  standard  size  tuning  coil 
the  wave  length  is  usually  two  meters 
(about  78  inches)  to  the  turn.  Thus  a 
tuning  coil  of  400  turns  would  have  a 
wave  length  up  to  800  meters.  The  re- 
spective turns  are  usually  about  10 
aiches  in  diameter. 

(D)  The  making  of  a  Marconi  mag- 
netic detector  would  require  too  much 
soace  to  be  taken  up  in  this  department. 
The  plans  for  making  and  connecting 
can  be  had  from  the  writer,  Byhalia, 
Mass.,  who  is  the  author  of  ''Wireless 
Telegraphy  Made  Simple,"  which  ap- 
peared in  the-  first  five  issues  of  this 
magazine,  and  will  furnish  additional  in- 
formation not  contained  therein. 

(E)  For  short  distance  use  no  appre- 
ciable difference  will  be  noticed ;  but 
when  greater  distances  are  desired  the 
antenna  should  be  smooth  and  free 
from  rust  and  sharp  projections. 


TWENTY  MILE  WIRELESS  SYSTEM. 

Question. — Will  you  give  me  an  estimate  on 
the  cost  of  a  complete  20  mile  wireless  set? — 
J.  G.  D.,  Moss  Point,  Minn. 

Answer. — We  could  hardly  give  you  a 
safe  estimate  on  a  plant  of  this  size  with- 
out understanding  the  conditions  under 
which  it  is  to  work. 


CONDENSERS, 

Question. — Please  let  me  know  the  differ- 
ence between  the  condensers  which  are  built 
up  in  alternate  sheets  and  those  built  up  of 
two  long  strips  of  tinfoil;  and  which  is  the 
best  for  spark  coils? — C.  E.,  Chicago,  111. 

Answer. — The  rolled  type  of  condens- 
er is  not  as  efficient  for  use  across  the 
vibrator  contacts  of  the  spark  coil  as  the 
alternate  sheets.  In  fact,  it  is  only  the 
more  inferior  type  of  spark  coils  that  are 
equipped  with  the  rolled  type  of  con- 
densers. The  rolled  type,  however,  is 
much  cheaper  to  make  and  for  this  rea- 
son is  used  to  quite  a  large  extent.  The 
electrical  difference  lies  in  the  fact  that 
the  rolled  type  cannot  absorb  or  dis- 
charge as  quickly  as  the  short  alternate 
layers,  and  the  spark  is  not  so  rapid  or 
heavy. 


INDUCTION  COIL    DATA. 

Question. —  (A)  What  amount  of  voltage 
and  amperage  is  required  to  operate  an  induc- 
tion coil  giving  V2  to  %  inch  spark? 

(B)  Have  you  any  books  on  experiments 
with  these  coils? — C  V.  V.  T.,  Helena,  Ark. 

Answer. —  (A)  Four  to  eight  volts, 
five  amperes. 

(B)  "Electrical  Experiments,"  by  G. 
E.  Bonney ;  "How  to  Make  and  Use  In- 
duction Coils,"  by  Edward  Trevert ;  "In- 
duction Coils,"  by  H.  S.  Nprrie. 


KITE  ELEVATED  AERIAL. 

Questions. —  (A)  Will  a  large  kite  do  for  an 
aerial  provided  a  wire  is  run  up  to  the  kite? 
(B)  What  kind  of  kite  is  best?  (C)  Can  an 
induction  coil  be  run  by  110  volts  direct  cur- 
rent if  the  current  is  reduced  down,  and  how 
can  the  current  be  reduced? — W.  W.  H.,  Clay 
Center,  Kan. 

'Answers. —  (A)  The  kite  will  answer 
well  to  elevate  an  aerial  for  experimental 
use.  This  is  the  method  Marconi  used 
for  signaling  across  the  Atlantic. 

(B)  The  Eddy  tailless  kite  is'  most 
commonly  used.  However,  the  box  kite 
or  any  other  good  type  will  answer. 

(C)  The  induction  coil  can  be  operat- 
ed on  the  no  volt  direct  circuit  by  intro- 
ducing lamp  resistance  in  series  with  it. 


DETECTOR  SOLUTION. 

Question. — What  solution  is  used  in  the  type 
of  detector  employing  a  carbon  cup  and  plat- 
inum wire? — L.  S.,  Kansas  City,  Mo. 

Answer. — Nitric  acid  diluted  with  four 
parts  of  water  is  commonly  used  with  the 
type  of  detector  yon  name. 


IN  THE- 


HOUSEHOLD 


ELECTRICAL  MASSAGE. 

Massage  is  beneficial  to  the  health  and 
a  valuable  assistant  in  producing  a  clear, 
healthy  skin.  Ordinary  hand  massage 
was  known  to  the  ancients,  but  the  elec- 
tric massage,  of  recent  date,  is  a  great 
improvement.  The  modern  electric  mas- 
sage device  consists  of  a  roller  to  produce 
the  mechanical  kneading  so  beneficial  to 


ELECTRICAL   MASSAGE. 

the  skin  and  muscles.  At  the  same  time 
the  roller  forms  one  electrode  of  a  bat- 
tery and  induction  coil  outfit,  while  the 
handle,  which  is  insulated  from  the  rol- 
ler, forms  the  other  electrode.  In  this 
manner  a  stimulating  electric  current 
passes  from  the  roller  through  the  body 
tissues  and  out  through  the  hand. 


CAUSES  OF  POOR  LIGHT. 

The  study  of  illumination  has  not  only 
become  an  exact  science  in  these  days  of 
perfection  in  artificial  lighting,  but  every 
householder  is  eagerly  reading  anything 
that  will  give  a  greater  insight  into  this 
most  difficult  study. 

Many  a  poorly  lighted  room  can  be 
easily  remedied  by  changing  the  light 
fixtures  or  repapering.  It  was  formerly 
the  custom  to  blame  the  oil,  or  the  gas, 
or  the  electricity  if  there  were  dark  shad- 
ows in  the  room  or  if  the  light  failed  to 
dispel  the  evening  darkness.  Xow  it  has 
been  proven  that  these  same  rooms,  be 
they  at  the  home  or  the  office  or  the 
store,  can  be  made  almost  as  light  as  day 
with  even  less  candlepower  than  before. 

A  wallpaper  which  will  "absorb"'  light 
is  the  greatest  enemy  to  artificial  light 
in  the  home.  An  illuminant  is  power- 
less to  light  a  room  if  the  color  of  the 
walls  absorb  most  of  the  rays.  Illumi- 
nating engineers  claim  that  a  white  wall 
will  reflect  50  per  cent  of  light,  whereas 
a  red  wallpaper  will  reflect  only  15  per 
cent.  A  light  buff  or  yellow  will  reflect 
45  per  cent ;  a  dark  brown  about  12  l/2 
per  cent.  A  light  apple-green  wallpaper 
will  reflect  40  per  cent :  a  dark  green  will 
give  us  15  per  cent.  Dark  wood  trim- 
mings absorb  light ;  white  wood  reflects 
it.  Velvets,  chintzes,  burlaps,  will  also 
absorb  light;  so  will  wallpaper,  what- 
ever its  color,  but  a  tinted-surface  wall 
reflects  the  light.  Wallpaper  in  patterns 
is  not  only  one  of  the  greatest  of  all 
known  absorbers  of  light,  but  it  also  has 
a  bad  effect  on  nerves  and  eyes. 

The  plainer  the  wallpaper  the  better 
for  nerves  and  eyesight,  and  the 
smoother  the  surface  the  more  light  it 
will   reflect.      In   selecting   wallpaper   the 
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way  the  room  faces  must  also  be  taken 
into  consideration.  Those  rooms  facing 
north  and  east  require  lighter  colored  pa- 
pers than  do  rooms  facing  south  and 
west. 

Care  in  the  selection  of  tints  and  wall- 
paper will  not  only  lead  to  a  better  and  a 
cheaper  artificial  light  but  will  protect 
the  eyesight,  and  save  nerves  and  tem- 
pers. It  will  emphasize  to  the  great- 
est degree  the  many  advantages  of 
artificial  light  from  the  electric  current 
where  many  are  now  using  some  in- 
ferior illuminant  because  of  an  incorrect 
impression  that  electric  light  is  too  ex- 
pensive. 


motor  starts  under  no  load,  which  is  the 
ideal  condition. 


ELECTRICITY    DOES  THE  DRUDGERY. 

If  you  could  do  35  complete  washings 
for  a  total  cost  of  50  cents  for  power, 
wouldn't  you  think  that  electricity  was 
your  friend?  That  is  what  the  electric 
washing  machine  has  done.  Wash  day  is 
generally  a  dreaded  day,  but  now  elec- 
tricity does 
away  with 
the  drudg- 
e  r  y,  in 
short,  it 
does  every- 
thing  but 
hang  out 
the  clothes. 
You  can 
do  fancy 
work  while 
horsepower  motor 
which  makes  50 
strokes  a  minute  and  will  wash  a  tub  full 
in  8  or  10  minutes.  The  operation  is  as 
follows:  Insert  the  attachment  plug  in 
any  ordinary  incandescent  lamp  socket. 
See  that  the  controlling  lever  on  the  side 
is  in  the  vertical  or  neutral  position,  and 
turn  on  the  current. 

To  wash,  draw  the  lever  toward  the 
operator  when  facing  the  ringer.  To 
wring  throw  the  lever  over  toward  the 
wrringer.  This  latter  piece  of  apparatus 
has  ball  bearings  and  inclosed  cogs  and 
makes  55  revolutions  per  minute. 

All  the  working  parts,  are  mounted  on 
a  platform  built  beneath  the  machine, 
with  nothing  dependent  from  the  bottom 
of  the  tub. 

When  the  current  is  turned  on,  with 
the    lever    in    the    neutral    position,    the 


the    little    one-sixth 
turns    the    machine, 


TALKS  ON  "CURRENT"  TOPICS. 

F.  L. — You  need  not  fear  that  your 
meter  Will  go  on  registering  current 
when  the  lamp  switch  is  turned  off.  The 
switch  in  the  lamp  socket  breaks  or  opens 
the  circuit  at  that  point  as  effectually  as 
though  one  of  the  wires  were  cut.  You 
are  not  alone  in  your  anxiety  on  this 
point,  however,  for  we  know  of  one 
woman  who  carefully  unscrewed  every 
bulb  in  the  appartment  from  its  socket 
as  soon  as  the  light  was  turned  off,  fear- 
ing that  if  this  were  not  done  current 
would  continue  to  flow. 

G.  L. — When  you  are  through  using 
your  electric  flatiron  it  is  not  safe  to 
break  the  current  at  the  socket  by  turn- 
ing the  lamp  switch.  The  current  should 
be  broken  by  pulling  the  special  switch 
plug  out  of  the  part  which  screws  into 
the  socket  or  else  by  a  special  switch 
which  is  provided  on  some  types  of  irons. 
The  reason  you  should  not  turn  the  lamp 
switch  in  order  to  turn  off  the  current 
is  because  the  parts  of  that  switch  are  de- 
signed to  break  safely  only  a  small  cur- 
rent such  as  is  taken  by  an  incandescent 
lamp.  The  iron  takes  considerably  more 
current  than  a  lamp,  which  cannot  be 
broken  by  the  lamp  switch  without  caus- 
ing an  arc  to  form  and  possibly  burn  up 
the  comparatively  .smjall  parts  of  the 
switch.  The  special  plug  or  switch  is 
therefore  provided.     Use  it  religiously. 

W.  A.  W. — In  putting  up  the  electric 
festoon  you  should  have  followed  the 
directions  given,  exactly.  The  reason 
one  of  the  sections  of  the  festoon  did  not 
light  up  when  the  current  was  turned  on 
undoubtedly  was  because  one  of  the 
lamps  was  not  screwed  clear  into  its 
socket;  or  else  the  connection  at  one  or 
more  of  the  lamps  was  open.  When  you 
opened  the  insulation  and  connected  one 
branch  of  the  festoon  with  one  of  the 
other  branches  you  put  a  "short  circuit" 
across  the  terminals  in  the  lamp  socket; 
that  is  you  left  the  lamps  out  altogether 
and  virtually  connected  a  heavy  wire 
from  one  terminal  of  the  socket  to  the 
other.  This  allowed  a  heavy  current  to 
flow  right  across  and  that  is  what  melted 
or  "blew  out"  the  fuse 


WHEN  DUTIES  BECOME  PLEASURES. 


It  is  an  open  question  whether  or  not 
the  present  day  proneness  to  save  all  the 
trouble  possible  and  cut  across  lots  to  at- 
tain results  is  commendable.  Many  say 
that  the  constant  progress  of  scientific 
endeavor  in  the  direction  of  substituting 
machinery  for  manual  labor  is  causing 
the  race  to  deteriorate  and  become  auto- 
matic. But  there  is  a  great  deal  of  com- 
fort nevertheless  in  the  knowledge  that 


THE  VACUUM  CLEANER  DOES  NOT  "RAISE  A  DUST 


science  is  eliminating  the  drudgery  from 
life.  If  this  is  a  comfortable  age  it  is 
saying  a  great  deal  for  the  advantages 
of  living  in  it,  instead  of  in  that  age  of 
perspiring  discomfort  that  caused  de- 
spairing women  to  coin  such  phrases  as 
"Man  works  from  sun  to  sun,  but  wom- 


an's work  is  never  done."  Nowadays 
there  are  so  many  mechanical  helps  that 
the  reproach  that  the  housewife  is  the 
only  person  who  has  no  leisure  is  rapidly 
being  removed. 

Few  advancements  in  the  household 
line  are  more  remarkable  than  those  to 
be  credited  to  the  designers  of  electrical 
household  articles.  One  of  the  most  in- 
teresting is  a  new  carpet  cleaner,  to  be 
used  in  connection  with 
the  electric  light  that  is 
rapidly  superseding  gas 
as  an  illuminating  agent 
in  modern  houses.  The 
carpets  of  the  house  can 
always  be  kept  in  a  con- 
dition of  dustless  bright- 
ness by  the  use  of  this 
novel  machine,  which 
works  on  the  vacuum 
principle,  drawing  the 
dirt  and  dust  from  the 
carpet  and  simply  caus- 
ing it  to  disappear  from 
view. 

Instead  of  the  carpet 
cleaning  process  being  a 
mere  stirring  up  of  in- 
numerable germs  that 
would  best  be  left  to 
their  unwholesome  re- 
pose in  the  fabric,  this 
electrical  method,  in  a 
cleanly  and  simple  way. 
extracts  the  dust  from 
the  rugs  and  floor  cov- 
erings without  the  ne- 
cessity of  r  e  m  o  v  i  n  g 
these  from  the  rooms  at 
all.  It  is  only  necessary 
to  switch  on  the  current, 
as  in  turning  on  the 
electric  light,  to  start  the 
vacuum  carpet  cleaner 
going.  The  work  is  done 
by  passing  the  nozzle  of 
the  machine  over  the  carpet.  It  is  easier 
than  sweeping  and  infinitely  more  desir- 
able. 

Have  you  ever  been  saddled  with  the 
work  of  cleaning  the  family  silver?  It' 
you  haven't  pray  that  something  may 
happen  to  relieve  you  of  it  when  the  day 
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A   WAFFLE    IRON    THAT    "BROWNS    TO   A 
TURN." 


comes.  Of  all  the  tiresome  jobs — but 
here  again  electricity  comes  to  the  tired 
housewife's  help.  There  is  a  new  elec- 
tric silver  cleaner  that,  polishes  bright  as 


the  sun  without  any  more  labor  than  the 
guiding  of  a  brush  as  it  revolves  at  the 
end  of  a  tube.  All  the  rubbing  and  scour- 
ing and  polishing  is  done  away  with. 
You  attach  the  little  machine  to  the 
thrice  blessed  electric  current  and  the 
mysterious   sprite   that   lives   in   the  bis: 


off 


in 


the 


power 


dynamos  somewhere 
house  sends  the 
in  a  strenuous  effort  to  remove  the  tar- 
nished spots  and  bring  the  silver  back  to 
its  original  brilliancy. 

There  is  a  new  electric  coffee  urn  for 
which  the  advantages  of  cleanliness  and 
of  time  are  claimed.     The  gas 


economy 


wheels  whirring  around 


POLISHING  THE   SILVER  IS   NO  LONGER  A 
TASK. 


ELECTRIC     COFFEE     URN. 

urn  is  good,  but  this  electric  urn  is  bet- 
ter, for  no  flame  is  needed.  Again  it  is 
only  necessary  to  switch  on  the  current 
and  the  urn  is  alive  with  a  burning  desire 
to  get  the,  coffee  to  the  point  of  perfec- 
tion in  time  for  breakfast. 

These  winter  nights,  when  one  wishes 
sometimes  to  supplement  the  usual  heat- 
ing apparatus  in  the  house  with  some 
small  means  of  warming  the  feet  or 
heating  a  room  that  the  usual  source  of 
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ELECTRIC  TOASTER. 

supply  does  not  reach,  a  new  electric 
radiator  will  be  found  desirable.  It  is  an 
unobtrusive  little  foot  warmer  and  again 
is  less  trouble  than  the  gas  heater,  for  it 
can  be  switched  on  and  off  in  a  second, 
and  the  heat  that  comes  from  it  is  aston- 
ishingly great. 

A  new  toaster  on  which  toast  can  be 


TOASTING  BEFORE  THE  ELECTRIC 
RADIATOR. 

made  by  the  use  of  the  electric  current  is 
shown ;  also  a  new  electric  waffle  maker 
that  is  ready  for  business  when  connect- 
ed with  the  ever  ready  electricity  that 
lurks  in  the  wires  on  the  wall. 

An  ordinance  was  recently  introduced 
in  the  city  council  at  Cleveland,  Ohio, 
prohibiting  the  use  of  candles  on  Christ- 
mas trees.  Nearly  ninety  per  cent  of  the 
fires  around  the  holiday  season  are 
caused  by  the  ignition  of  resinous  Christ- 
mas trees.  This  danger  can  be  avoided 
by  using  the  tiny  electric  lights  of  many 
colors  which  are  even  more  pleasing  in 
effect  than  candles. 


ELECTRIC    LIGHT   THE   SAFEST   IN    THE 
HOME. 

Since  the  days  when  our  grandmothers 
first  hailed  the  kerosene  lamp  as  a  great 
step  in  advance  over  the  tallow-  candle, 
wonderful  progress  has  been  made  in  de- 
veloping a  better,  brighter  and  safer 
method  of  illumination  for  the  home, 
until  now  we  have  in  electric  light  a 
method  which  is  practically  perfect  from 
the  standpoints  of  health,  convenience 
and  safety. 

Everyone  knows  how  convenient  and 
adaptable  electric  light  is  in  the  home  and 
nearly  everyone  realizes  the  fact  that  gas 
and  all  other  light  sources  which  burn 
with  a  flame  take  out  of  the  air  its  health- 
giving  qualities  and  substitute  deleterious 
gases  instead,  while  electric  light  con- 
sumes no  oxygen  and  leaves  the  air  ab- 
solutely pure.  But  few  people  realize  the 
great  advantages  of  using  electric  light 
at  home  from  the  standpoint  of  safety. 

With  the  modern  methods  of  electrical 
wiring  and  construction  there  is  abso- 
lutely no  danger  attendant  upon  the  use 
of  electric  light,  and  although  a  slight 
shock  might  happen  to  be  felt  under 
some  exceptional  circumstances  the  pres- 
sure, or  voltage  as  it  is  called,  is  so  small, 
after  it  is  led  into  the  house,  that  no  in- 
jury would  result.  It  is  foolish  to  com- 
pare lighting  current  with  lightning  or 
with  the  effects  of  the  strong  electric  cur- 
rents used  out  on  the  streets,  as  the  cur- 
rents used  inside  of  our  buildings  is  re- 
duced in  voltage  to  only  a  fraction  of 
that  of  high  tension  currents,  and  the  in- 
candescent lamps  used  inside  will  operate 
only  on  these  small  pressures. 

Again,  as  there  is  no  flame  from  the 
electric  light  the  danger  of  fire  is  elimin- 
ated. There  is  no  hazard  as  from  lighted 
gas  jets  into  which  lace  curtains  might  be 
blown,  or  a  sleeve  become,  ignited  or 
which  might  cause  fire  in  a  hundred 
other  ways.  With  electricity  no  matches 
are  required,  and  thus  one  of  the  great- 
est sources  of  danger  from  fire  is  re- 
moved, especially  in  homes  where  there 
are  children.  In  a  home  which  is  prop- 
erly equipped  with  electric  lights  no  ex- 
cuse exists  for  scratching  a  match  to  find 
the  way  to  the  basement,  to  search  for 
something  in  a  closet,  or  to  visit  the 
garage.  A  snap  of  a  switch  turns  on 
the  light  ahead. 


JUNIOR. 
SECTION 


HOW  TO  MAKE  AN  ELECTRIC  FURNACE. 


BY  PAUL  H.  WOODRUFF. 


A  small  electric  crucible  furnace,  pro- 
ducing a  heat  sufficiently  intense  for  the 
reduction  of  nearly  all  metallic  oxides 
and  the  demonstration,  on  a  small  scale, 
of  most  of  the  high  temperature  experi- 


HOME    MADE    ELECTRIC    FURNACE. 


ments,  may  be  readily  constructed  by  the 
amateur. 

A  two-ring  chemical  retort  stand  forms 
a  convenient  support  for  the  apparatus. 
The  lower  and  larger  ring  supports  a 
common  flower  pot.  In  this  is  placed 
a  small  crucible,  the  space  between  being 
filled  with  granulated  fire-brick.  A  sheet 
of  rather  thick  mica  covers  the  flower 
pot,  and  a  hole  in  the  center  of  the  mica 
permits  the  passage  of  an  ordinary  arc 
light  carbon.  This  carbon  is  supported 
by  the  upper  ring  of  the  stand,  which  is 
provided  with  an  asbestos  plug.  The 
central  aperture  of  this  plug  is  bushed 
with  a  split  brass  tube  one  inch  long,  in 
which  the  copper-plated  carbon  rod  is 
held  securely,  yet  slides  readily  enough 
to  permit  of  easy  adjustment.  This  brass 
bushing  forms  one  terminal  of  the  fur- 
nace. 

To  give  access  to  the  other  carbon,  a 
hole  must  be  chipped  or  bored  in  the  bot- 
tom of  the  crucible  just  large  enough  to 
admit  the  carbon  rod.  There  is  probably 
already  a  hole  in  the  bottom  of  the  flower 
pot.  Through  this,  its  end  just  entering 
the  crucible,  passes  the  lower  carbon.  Its 
lower  end  is  clasped  in  a  helix  of  No.  14 
copper  wire,  and  rests  in  a  block  of  as- 
bestos on  the  base  of  the  retort  stand. 

This  furnace  requires  six  or  eight  am- 
peres of  current.  Using  no  volts, 
either  direct  or  alternating  current,  a 
parallel  bank  of  six  or  eight  32-candle- 
power  incandescent  lamps  must  be  con- 
nected in  series  with  the  furnace.  Be 
sure  that  the  parts  of  the  apparatus  are 
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properly  adjusted,  and  that  everything  is 
firm  and  solid  before  switching  on  the 
current.  The  carbons  should  be  separat- 
ed at  first.  When  their  ends  have  been 
brought  together  in  the  crucible,  and  the 
lamps  light  up,  the  upper  carbon  may  be 
slowly  withdrawn  a  fraction  of  an  inch. 
A  little  experimenting  will  determine  the 
proper  point,  which  varies  with  the  ma- 
terial in  the  crucible. 


of  the  parts  as  well  as  the  electrical  con- 
nections. 


A  SIMPLE  MAGNET  MOTOR. 

A  simple  motor  which  does  not  em- 
ploy a  "wound"  armature  may  be  made 
at  little  expense  as  shown  in  the  cut. 
Of  course,  it  does  not  furnish  much 
power  but  nevertheless  it  provides  con- 
siderable amusement. 

Secure  a  strip  of  board  (A)  and  fast- 
en two  upright  pieces  to  it  as  shown  bv 
(B')    and    (B").     To    (B')    fasten  two 


CROSS    SECTION    OF    ELECTRIC    FURNACE. 

When  the  lower  carbon  becomes  short- 
er, the  flower  pot  and  its  crucible  may  be 
lowered  by  moving  the  ring  of  the  retort 
stand.  The  upper  carbon  is  simply  slid 
in  its  holder. 

It  is  best  to  operate  the  furnace  with 
the  crucible  empty  for  some  minutes  be- 
fore introducing  any  materials,  to  make 
sure  that  everything  stands  the  terrific 
heat  generated.  No.  14  wire  should  be 
used  for  all  connections.  The  use  of 
smoked  glasses  is  strongly  advised  while 
using  the  furnace,  as  the  intense  glare 
of  the  arc  at  short  range  produces  an 
unpleasant  effect  on  the  eyes. 

By  the  use  of  powdered  charcoal,  most 
of  the  metallic  oxides  are  readily  re- 
duced in  this  little  furnace,  including 
alumina. 

The  diagram  gives  a  cross  section  of 
the  furnace,  showing  the  proper  relations 


SIMPLE    MAGNET    MOTOR. 

coils  from  an  ordinary  1000  ohm  tele- 
phone ringer,  and  midway  between  them 
run  the  shaft  (D). 

The  armature  (E)  is  a  piece  of  strap 
iron  two  inches  long  and  about  5/16  of 
an  inch  wide  and  1/32  of  an  inch  thick. 
It  should  be  fastened  solidly  to  (D), 
just  missing  the  coils  by  a  fraction  of  an 
inch. 

The  commutator  .(F),  is  a  piece  of 
strap  iron  y2  inch  long,  J4  incn  wide 
and  1/32  inch  thick.  This  is  securely 
fastened  to  (D)  at  right  angles  with 
(E).  When  (E)  is  vertical  or  straight 
up  and  down,  (F)  is  horizontal,  thus 
forming  a  circuit  when  it  touches  the 
brushes  (D.  The  brushes  are  of  thin 
brass,  triangular  in  shape  and  fastened 
to  the  base  (A).  These  are  also 
placed  so  they  will  just  touch  the  com- 
mutator when  it   is  horizontal. 
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It  is  not  necessary  to  have  (G)  the  fly 
wheel,  but  this  adds  greatly  to  the  ap- 
pearance of  the  motor. 

Connect  one  of  the  wires  from  the 
ringer  directly  to  binding  post  (1).  The 
other  wire  from  the  coil  should  connect 
with  one  of  the  brushes  (I).  Then  con- 
nect a  wire  from  the  other  brush  to 
binding  post  (2).  The  motor  is  then 
completed  and  may  be  operated  by  two 
or  three  cells  of  dry  battery  connec- 
ed  in  series  with  the  binding  posts  (1) 
and  (2). 

When  the  armature  is  vertical  the 
commutator  is  horizontal  and  touches 
each  brush  lightly,  closing  the  circuit. 
When  the  current  passes  through  the 
coils,  the  magnetism  which  it  produces, 
draws  the  armature  to  a  horizontal  po- 
sition. 

When  the  circuit  is  broken  the  mo- 
mentum which  the  fly  wheel  has  attained 
rotates  the  shaft  so  that  the  commuta- 
tor makes  a  circuit  again  and  so  on. 
Arthur  Arnold. 


ANNUNCIATOR     FOR     ELECTRIC     BELLS. 

When  one  electric  bell  is  operated  by 
two  push  buttons  it  is  impossible  to  tell 
which  is  ringing  the  bell  unless  some 
form  of  annunciator  is  used.  A  very 
simple  one  may  be  made  from  the  two 
electromagnets  of  an  old  electric  bell  by 
exercising  a  little  ingenuity. 

On  a  small  box  mount  the  bell  as 
shown  in  the  diagram,  mounting  the  old 
bell  magnets  (A')  and  (B')  vertically 
inside  the  box.  (A)  and  (B)  represent 
the  two  push  buttons  in  different  parts  of 
the  building.  One  pole  of  the  dry  cells 
is  connected  to  one  of  the  terminals  of 
the  two  push  buttons.  The  winding  of 
one  of  the  magnets  (A')  is  connected  to 
(C)  and  to  the  second  terminal  of  (A). 
The  winding  of  the  other  magnet  (B') 
is  connected  to  (C)  and  the  second  ter- 
minal of  (B).  A  wire  is  then  run  from 
(C)  to  the  bell  and  another  from  there 
back  to  the  other  side  of  the  dry  bat- 
teries, the  battery  cells  being  connected  in 
series  as  shown;  that  is,  with  the  zinc 
and  carbon  poles  together. 

A  rocking  armature  (D)  is  pivoted  on 
a  suitable  support  immediately  above  the 
two  magnets   (A')   and   (B')   so  that  its 


ends  may  be  attracted  by  either  of  the 
magnets.  Suppose,  now,  that  button 
(A)  is  pushed.  Current  flows  from  the 
batteries  through  (A)  around  (A'), 
pulling  the  armature  (D)  down  so  that 
the  pointer  indicates  (1)  on  the  scale. 
This  shows  the  person  at  the  bell  that 
(A)  has  been  pushed.  Current  flows  on 
from  (C),  rings  the  bell  and  flows  back 
to  the  batteries.  If  the  other  button' (B) 
is  pushed  the  magnet  (B')  is  energized, 


DryBatteries 
7n  Series 

ANNUNCIATOR    FOR    ELECTRIC    BELLS. 

pulling  the  other  end  of  (D)  down  and 
moving  the  pointer  over  to  (2)  and  ring- 
ing the  bell  at  the  same  time. 

The  number  of  batteries  used  will  de- 
pend on  the  length  of  the  line,  but  in  any 
case  no  less  than  two  should  be  used. 
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A  HOME  MADE  STATIC  MACHINE. 

Static  machines  should  not  be  consid- 
ered out  of  the  reach  by  the  average  boy 
experimenter,  although  they  may  seem  a 
little  complicated  at  first  sight.  Here  is 
one  which  was  built  by  a  boy  18  years  of 
age — JDamion  S.  Reynolds  of  East  Au- 
burn, Cal.  The  machine  is  of  the 
Toepler-Holtz  type  and  works  very  satis- 
factorily. 

The  machine,  as  shown  in  the  photo- 
graphs, has  six  revolving  glass  plates  16 


workmanship  is  equal  to  that  of  the  best 
cabinet  maker.  Without  being  carefully 
dried  before  testing,  the  machine  gave  a 
continuous  spark  of  over  three  and  one- 
half  inches,  and  in  perfect  operation 
gives  a  spark  fully  an  inch  longer. 


DAMION   S.   REYNOLDS  AND   HIS   STATIC    MACHINE 


inches  in  diameter,  and  six  stationary 
glass  plates  20  inches  in  diameter,  and  all 
the  work  of  cutting  and  boring  was  so 
carefully  done  that  one  would  never  sup- 
pose that  it  had  been  done  by  a  novice 
with  the  crudest  of  tools.  The  shaft  upon 
which  the  revolving  plates  are  fastened 
is  17  inches  long  and  three-fourths  of  an 
inch  in  diameter  with  the  bearings  turned 
to  five-eighths  of  an  inch.  A  pulley 
which  is  belted  to  a  small  fan  motor  is 
keyed  to  one  end  of  the  shaft.  The  speed 
of  the  revolving  plates  is  280  revolutions 
per  minute. 

The  Leyden  jars  are  five  by  three  and 
three-fourths  inches.  The  buttons, 
combs,  brushes,  balls  and  rods  are  made 
of  brass  turned  and  fitted  with  great 
care,  giving  the  machine  the  appearance 
of  a  factory-built  piece  of  apparatus.  The 
housing  is  30  by  24  by  15  inches  and  the 


SMALL  MOTOR  CONSTRUCTION. 

The   simplest   form   of   electric  motor 
consists  of    an    electromagnet  arranged 
to  attract  a  pivoted  piece  of  iron,  or  ar- 
mature, intermittently,  causing  it  to  re- 
volve.     Such    a    motor 
is   inefficient;    but      its 
historical      interest      is 
great,  as  all  of  the  ear- 
ly   forms      of      motors 
were  constructed  upon 
this   principle. 

The  armature  of  our 
model  may  be  found 
ready  made  in  the 
shape  of  an  iron  wheel 
with  six  straight 
spokes,  four  inches  in 
diameter  and  with 
about  ^-inch  face. 
This  wheel  may  be  an 
old  iron  hand  wheel,  a 
narrow  pulley,  or  a 
small  fly-wheel.  All 
the  spokes  of  the 
wheel,  or  armature, 
should  be  filed  and 
scraped  clean  and 
bright.  It  is  then  mounted  centrally 
on  a  steel  shaft ;  a  piece  of  rod  3-16  of 
an  inch  in  diameter  and  ij4  inches 
long.  If  it  is  already  drilled  for  a  larg- 
er shaft,  a  brass  bushing  of  the  proper 
size  may  be  driven  into  the  hole  and 
centrally  drilled  for  the  3-16-inch  shaft. 
A  set  screw  in  the  hub  of  the  wheel  is 
the  proper  means  of  fastening  to  the 
shaft. 

The  base  is  an  oak  block,  three  inches 
square  and  one  inch  thick.  A  channel 
ys  inch  deep  and  ?s  inch  wide  is  cut 
clear  across  it  ^4.  inch  from  one  edge,  to 
clear  the  armature. 

The  piece  of  J^-inch  brass  shown  ;u 
Fig.  1  forms  both  bearings  and  the  mag- 
net support.  It  is  bent  and  drilled  as 
shown  in  the  illustration;  provisions  be- 
ing made,  of  course,  for  attaching  it  to 
the   base.      Small   brass   washers   should 
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be  placed  on  the  shaft  on  each  side  of  the 
armature  as  these  parts  are  assembled, 
so  that  while  the  armature  turns  very 
freely,  there  is  little  or  no  end  play. 


idly  in  place.  The  ends  of  the  core 
should  just  clear  the  spokes  of  the  re- 
volving armature. 

A  mark  is  now  made  on  each  limb  of 
the  core  just  back  of  its  brass  support, 
and  the  core  withdrawn.  It  is  now  thor- 
oughly covered  with  shellac.  When  dry, 
the  space  between  the  marks  -is  wound 
with  three  layers  of  No.  20  double  cot- 
ton covered  magnet  wire.  The  winding 
is  continuous,  following  the  curve  of  the 
bend   as   neatly  as   possible.      The   two 


COMMUTATOR  arB!?l/SH 


FIG.  1.  BEARINGS  AND  MAGNET 
SUPPORT. 


ARMATURE  8TMARNET 

FIG.  2.     RELATIVE  POSITIONS  OF  MAGNET 
AND  ARMATURE. 


FIG.   3.     TWO  VIEWS  OF  MOTOR    COMPLETE. 


The  electromagnet  is  made  by  bend- 
ing a  piece  of  ^-inch  soft  round  iron 
into  a  U  shape.  The  distance  between 
the -centers  of  the  limbs  is  just  2^4 
inches,  and  the  total  length  two  inches. 

The  ends  of  this  iron  core  are  now  in- 
serted into  the  holes  in  the  brass  cross 
piece  on  the  front  bearing,  where  it 
should  fit  tightly  enough  to  hold  it  rig- 


ends  of  the  wire   are  left  about  three 
inches  long  for  connections. 

It  is  plain  that  a  commutator  or  col- 
lector of  some  kind  is  necessary  for  in- 
terrupting the  current  as  the  spokes  of 
the  armature  come  opposite  the  poles  of 
the  magnet.  A  brass  wheel  with  six 
spokes  may  be  obtained  from  the  works 
of  an  old  clock.     The  rim  of  this  wheel 
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is  then  cut  away,  leaving  simply  the 
spokes  projecting  from  the  hub.  This 
is  now  soldered  to  the  inner  end  of  the 
shaft.  A  brush,  consisting  of  a  narrow 
strip  of  thin  sheet  copper,  has  its  lower 
end  screwed  to  the  base,  the  upper  end 
bearing  lightly  against  the  ends  of  the 
brass  spokes.  The  final  adjustment  of 
this  contact  requires  a  little  calculation. 
Fig.  2  shows  the  relative  positions  of  the 
magnet  and  armature,  and  the  brush 
should  break  contact  when  the  armature 
is  in  position  (A)  and  make  contact  as 
it  arrives  at  position  (B).  This  will, 
of  course,  be  repeated  as  each  spoke^of 
the  armature  approaches  the  poles  of 
the  magnet. 

Two  binding  posts  are  arranged  on 
the  side  of  the  base.  One  connects  with 
the  brass  frame  of  the  machine  and  the 
other  with  one  end  of  the  winding.  The 
ether  end  of  the  winding  is  soldered  to 
the   copper   brush.     The   current,   being 


broken  by  the  spokes  of  the  brass  com- 
mutator, traverses  the  magnet  winding 
intermittently,  and  these  successive  im- 
pulses, acting  on  the.  spokes  of  the  arma- 
ture, cause  it  to  revolve.  A  touch  will 
start  it. 

Two  to  four  cells  of  battery  may  be 
used  with  the  motor.  Some  little  ex- 
perimenting may  be  necessary  to  secure 
the  most  efficient  adjustment  of  the  com- 
mutator and  brush.  When  it  is  reached, 
the  motor  will  attain  quite  a  high  speed. 
A  small  pulley  may  be  fitted  to  the  pro- 
jecting end  of  the  shaft,  and  used  to  op- 
erate mechanical  toys,  etc. 

The  front  and  side  views  of  the  com- 
pleted motor,  shown  in  Fig.  3,  give  no 
dimensions,  but  they  are  drawn  to  a 
scale.  Not  much  ingenuity  is  required 
to  adapt  the  construction  to  such  ma- 
terial as  may  be  at  hand,  changing  the 
dimensions  accordingly. 


A    BUZZER   TELEGRAPH 


It  is  not  necessary  to  have  expensive 
telegraph  sounders  to  set  up  a  short  tele- 
graph line,  for  two  ordinary  "  buz- 
zers," which  can  be  bought  at  an  elec- 


ter  costing  about  10  cents  each ;  also 
enough  wire  to  go  three  times  between 
the  two  houses.  Wire  up  the  buzzers 
and  keys  as  shown  in  Fig.  1,  putting  two 


ouzzer 


Buzzer 


FIG.  1.  CONNECTIONS  OF  BUZZER  TELEGRAPH. 


trical  supply  store  for  about  25  cents 
each,  can  be  made  to  do  the  work  satis- 
factorily. One  of  our  boy  readers  up 
in  Winnipeg,  Manitoba,  sends  in  the  fol- 
lowing description  of  his  line,  which  is 
built  on  this  plan  : 

First  buy  two  buzzers,  and  two  ordi- 
nary push  buttons  for  the  keys,  the  lat- 


or  three  cells  of  dry  batteries  in  the  line 
at  each  house  as  shown.  The  middle 
wire  is  for  the  purpose  of  short  circuit- 
ing the  buzzer  at  the  sending  station,  so 
that  it  will  not  sound.  For  instance,  it 
the  key  at  station  ^A)  is  closed,  current 
will  ilow  from  the  battery  ^R"i  through 
the   buzzer  at    (B),    through    the  middle 
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wire  to  the  key  at  (A)  and  back  to  the 
battery  at  (B).  The  key  at  (B)  being 
open,  no  current  flows  through  the  buz- 
zer at  (A),  the  sending  station,  and  it. is 
therefore  quiet.  Similar  conditions  hold 
when  (B)  is  the  sending  station,  and  in 
that  case  buzzer  (B)  does  not  sound. 

Now,  in  order  to  make  the  instruments 
operate  like  regular  telegraph  sounders — 
that  is,  by  clicks  instead  of  buzzes — a 
switch  is  added  to  each  buzzes  as  shown 
in  Fig.  2.  You  will  readily  see  how  to 
connect  the  switch. by  taking  off  the  cover 
,     Scu/tc/? 


FIG.    2.     BUZZER    SWITCH. 

of  the  buzzer.  Ordinarily  the  switches 
at. both  stations  are  left  open.  When  (B) 
calls  (A),  for  instance,  he  closes  his  key 
and  the  buzzer  at  (A)  gives  a  prolonged 
buzz,  as  long  as  the  key  is  held  down. 
When  (A)  comes  to  the  line  he  signals 
back  in  the  same  manner,  then  both  open 
their  switches. 

Opening  the  switches  makes  the  buz- 
zers operate  as  telegraph  sounders — that 
is,  by  clicks.  The  reason  for  this  is  that 
when  one  key  is  pressed  down  current 
flows  through  the  coils  of  the  magnets 
at  the  other  station  and  continues  to  flow 
through  them  and  out  through  the  closed 
switch,  bringing  the  armature  down  with 
a  sharp  click  and  holding  it  there  as 
long  as  the  sending  key  is  depressed.  In 
this  way  dots  and  dashes  are  easily  sent. 
When  the  switch  is  open,  however,  as  for 
signaling  an  operator  to  come  to  the  line, 
the  current  flows  through  the  magnets, 
draws  down  the  armature,  which  breaks 
the  circuit  at  (C),  Fig.  2.  This  causes 
the  magnets  to  let  go  of  the  armature, 
which  flies  up  by  spring  action  and  closes 
the  circuit  at  (C)  again,  and  so  on  in- 
termittently. This  action  is  very  rapid 
and  gives  out  a  loud  buzz  as  long  as  the 
sending  key  is  depressed. 


The  push  buttons  are  not  very  handy 
to  operate  as  keys,  so  they  may  be  re- 
moved from  the  contacts  and  a  key  of 
some  sort  added  to  close  the  contacts 
rapidly.  In  the  instruments  described 
above  this  was  done  by  taking  a  clapper 
from  an  old  electric  bell  and  mounting  it 
on  a  bent  nail  over  the  contacts  of  the 
push  button,  so  that  when  it  was  raised 
and  lowered  the  contacts  could  be  opened 
and  closed  in  quick  succession.  Other 
ways  of  doing  this  will  no  doubt  suggest 
themselves. 


SIMPLE  CONTROLLER  FOR  TOY 
MOTORS. 

The  amateur  electrician  who  desires  to 
run  his  electric  motor  by  six  dry  batteries 
and  to  use  any  number  of  them  at  once, 
will  find  the  following  method  easy  and 
satisfactory. 

Connect  the  motor  to  the  batteries  as 
in  the  diagram.  The  rheostat  may  be 
made   from   a   piece   of   oak   board   four 


CONTROLLER   FOR    TOY    MOTOR. 

inches  square  and  ^-inch  in  thickness. 
At  (I),  (2),  (3),  (4),  (5)  and  (6) 
bore  holes  and  put  little  bolts  through. 
The  little  binding-posts  of  batteries  will 
answer. 

A  handle  (A)  is  used  to  switch  on  the 
number  of  batteries  required.  A  wire 
from  (A)  is  led  to  binding-post  (B). 
When  handle  is  in  the  position  as  shown 
in  drawing,  the  current  is  off.  The  dot- 
ted lines  show  where  wires  are  put  under 
the  board.  To  start  the  motor  push  the 
handle  (A)  upward.  The  numbers  may 
be  put  near  the  points  to  indicate  number 
of  batteries  used.  (C)  is  a  point  upon 
which  the  handle  (A)  rests  when  power 
is  off.  Frank  S.  Reid. 


QUESTIONS  AND  ANSWERS. 

Readers  of  Popular  Electricity  are  invited  to  make  free  use  of  this  department. 
Knowledge  on  any  subject  is  gained  by  asking  questions,  and  nearly  every  one  has  3ome 
question  he  would  like  to  ask  concerning  electricity.  These  questions  and  answers  will  be 
of  interest  and  benefit  to  many  besides  the  one  directly  concerned.  No  consideration 
will  be  given  to  communications  that  do  not  contain  the  full  name  and  address  of  the 
writer. 


OPERATION  OF  TOY  BATTERY  MOTOR. 

Question. — Can  an  ordinary  toy  battery  mo- 
tor be  run  without  burning  out,  on  a  110-volt 
lighting  circuit  using  the  rheostat  described 
in  the  "Junior  Section"  of  the  August  issue? 
H.  R.  C,  Chicago,  111. 

Answer. — Yes,  but  not  safely.  These 
motors  are  usually  not  insulated  to  stand 
a  pressure  of  no  volts,  and  in  case  of  a 
breakdown  you  "can  readily  see  by  Ohm's 
law,  C  =  E  -=-  R,  that  with  E  —  no,  the 
current  would  burn  out  such  an  outfit. 
Fire  underwriters  do  not  approve  the 
operation  of  toy  outfits  on  no  volt  cir- 
cuits. Knowing  this,  manufacturers 
have  to  date  put  on  the  market  two  ap- 
proved alternating  current  transformers 
from  the  secondaries  of  which 'low  volt- 
age may  be  taken  off  to  operate  electric 
toys  and  miniature  lights.  No  approved 
device  has  as  yet  been  put  out  for  re- 
ducing the  voltage  of  a  direct  current 
circuit  for  a  like  purpose. 

Your  question  regarding  design  of  an 
electro-magnetic  engine  will  be  answered 
in  a  future  issue. 

COMMUTATOR  TROUBLE. 

Question — In  the  sub-station  where  I  am 
employed,  we  have  five  rotary  converters.  We 
receive  alternating  current  from  generators 
driven  by  gas  engines.  Have  been  troubled' 
sometimes  with  our  brushes  picking  up  copper 
and  pitting.  The  commutators  run  very  hot 
at  times,  and  have  begun  to  show  black  bars. 
State  what  care  should  be  given  such  com- 
mutators. What  lubricant  would  you  use? — 
F.  G.  H.,   San  Francisco,  Cal. 

Answer — From  the  wording  of  your 
question,  we  believe  that  your  main  fault 
lies  in  the  adjustment  of  the  brushes. 
That  is,  the  brushes  may  be  in  a  wrong 
position,  which  always  will  cause  exces- 
sive sparking,  or  they  may  bear  too  hard 
on  the  commutator.  The  pitting  of  the 
surface  of  the  commutator  may  be  due 
to  high  current  densities,  caused  by  the 
contact  surface  of  the  brushes  being  too 
small,  or  the  contact  itself  being  poor. 
The  blackening  of  a  commutator  denotes 
sparking  underneath  the  brushes,  which 
in   combination   with   excessive  amounts 


of  oil  and  dust  will  be  the  most  valid 
cause  for  the  blackening.  The  above  is, 
as  stated,  with  the  assumption  that  no 
armature  and  field  coils  are  defective,  as 
that  always  will  cause  trouble  with  the 
brushes  and  commutator.  Cleanliness  is 
the  main  point  in  taking  care  of  com- 
mutators. The  surface  should  be  kept 
free  from  dust  and  excessive  amount  of 
oil  and  the  brushes  should  be  kept  in 
good  contact  with  the  commutator, 
without  bearing  too  hard  on  it.  Use  as 
little  lubrication  on  the  commutator  as 
possible  and  when  used  it  should  either 
be  a  clean  acid-free  oil  or  vaseline. 
However,  the  dynamo  manufacturers 
carry  a  special  lubricant  which  is  to  be 
preferred.  See  also  article  elsewhere  in 
this  issue  on  ''Commutator  Sparking." 


CONSTRUCTION   OF  A  SMALL    STORAGE 
BATTERY. 

Question — I  would  like  to  know  how  to 
construct  a  small  storage  battery  to  work  one 
four  volt,  12%  watt,  10  candlepower  lamp  for 
lighting  a  room.  Could  you  give  me  a  little 
practical  information  regarding-  the  battery? 
I  would  like  to  use  it  for  two  nights  a  week, 
and  from  four  to  five  hours  at  a  time. — E.  F.. 
Chicago.  111. 

Answer — The  simplest  storage  battery 
for  amateur  construction  is  the  old 
Plante  cell.  You  will  want  two  cells.  For 
each  cell  take  two  plates  of  thin  sheet 
lead  three  feet  long,  six  inches  wide 
and  not  over  1-16  inch  thick.  At  one 
end  of  each  plate  a  lug  one  inch  wide 
extends  two  inches  to  the  side.  Both 
sides  of  both  plates  must  be  roughened 
by  hammering  with  a  piece  of  coarse  file. 
On  one  of  the  plates  lay  three  strips  of 
rubber,  asbestos  cloth,  or  other  insulating 
material  not  affected  by  acid,  a  little 
longer  than  the  plate,  and  Tj-inch  wide. 
Lay  the  second  plate  on  these  strips,  and 
three  more  strips  on  this.  Then  take  a 
round  bar  of  wood,  heavily  paraffined, 
eiqht  inches  lonsr  and  one  inch  in  diam- 
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eter.  Place  this  across  one  end  of  the 
plates,  and  roll  the  whole  affair  into  a 
compact  spiral  or  cylinder.  Hang  in  a 
suitable  jar,  and  fill  with  one  part  sul- 
phuric acid  to  10  parts  water. 

The  cell  so  made  must  now  be 
"formed''  by  sending  a  current  through 
it  until  oxygen  bubbles  appear  at  the 
positive  plate,  then  reversing  the  cur- 
rent for  the  same  length  of  time,  and  so 
on  until  the  plates  have  become  spongy, 
which  may  take  a  week.  Then  one  lug 
must  be  marked  positive  (  +  )  and  the 
cell  always  charged  in  the  same  direc- 
tion. 


INDUCTIVE  RESISTANCE. 

Question — I  wish  to  build  an  inductive  re- 
sistance of  the  transformer  type,  one  in 
which  the  line  voltage  will  pass  through  the 
primary.  The  voltage  is  110  A.  C.  I  wish  to 
use  it  on  an  arc  lamp  used  for  projection 
purposes  (hand  feed),  dispensing  with  an  ad- 
justable rheostat.  There  is  too  much  heat 
from  the  rheostat.  I  use  about  25  amperes 
on  the  lamp  and  desire  to  use  the  resistance 
as   an   economizer. — J.   B.   Milford,   Mass. 

Answer — In  your  question  you  have 
failed  to  give  the  frequency  of  your  cur- 
rent.    We   have   assumed   that   it   is   6o 


INDUCTIVE     RESISTANCE. 

cycles.  With  such  a  current  at  no  volts, 
the  following  impedance  coil  in  series 
with  an  alternating  current  arc  lamp 
would  allow  25  amperes  to  pass  through. 
The  iron  construction  may  be  made  in 
different  shapes,  as  long  as  the  length  of 


the  air-gap  and  approximate  length  of 
the  magnetic  path  of  the  iron  core  and 
its  cross  section  remain  the  same.  How- 
ever, for  our  calculation  we  will  assume 
a  circular  iron  ring  of  rectangular  cross 
section  as  shown  in  the  diagram.  The 
ring,  preferably,  should  be  built  up  of 
thin  iron  plates,  so  as  to  decrease  the 
iron  losses,  thereby  increasing  the  econ- 
omy of  its  operation.  The  iron  should 
first  be  insulated  with  tape  and  shellaced. 
Next,  500  turns  of  No.  8  B.  &  S.  single 
cotton  covered  copper  wire  should  be 
wound  on  in  three  layers.  Such  a  coil  as 
this,  practically,  will  not  waste  any 
power  in  decreasing  the  no  volt  to  30 
volts  for  the  arc  lamp.  The  power  fac- 
tor of  the  coil  will  be  about  0.03.  By  in- 
serting an  iron  piece  in  the  air-gap,  the 
current  may  be  gradually  decreased  at 
will.  We  would  suggest  that  by  taking 
the  matter  up  with  some  of  the  electrical 
supply  houses,  you  might  be  able  to 
purchase  a  suitable  coil  more  econom- 
ically than  you  can  make  it. 

INSTRUMENT     FOR    REMOVING    SUPER- 
FLUOUS HAIR;  INDUCTION 
MOTOR  OPERATION, 

Question. —  (A)  How  is  an  instrument  for 
removing  superfluous  hair  constructed? 

(B)  We  have  a  60  cycle,  three  phase,  220 
volt,  five  horse  power  induction  motor  which 
takes  13.5  amperes  on  load.  By  opening  one 
line  (one  phase)  the  motor  will  continue  run- 
ning, taking  about  20  amperes,  and  will  get 
extra  hot.  An  accident  occurs  in  the  power 
house  which  will  stop  the  motor ;  but  we  have 
a  60  cycle,  220  volt,  three  wire,  two  phase  gen- 
erator. Can  we.  while  our  motor  is  running, 
switch  over  on  to  one  phase  of.  our  generator, 
and  what  will  happen  to  the  motor? — C.  H. 
W.,  St.  Catherine,  Out.  Can. 

Answer. —  (A)  The  instrument  re- 
ferred to  is  simply  a  fine  platinum  needle 
which  forms  one  terminal  of  a  battery 
of  low  voltage.  The  other  battery  term- 
inal is  connected  to  the  body.  The 
needle  being  introduced  into  the  hair 
follicle  and  the  current  switched  on,  the 
root  of  the  hair  is  destroyed  by  electro- 
lytic action. 

(B)  A  three  phase  induction  motor 
will  continue  running  after  opening  one 
or  two  of  its  three  phases.  However, 
by  opening  one  phase,  the  current  in  the 
remaining  phases  is  increased  1.5  times 
and  opening  two  phases  will  increase 
the    current    in    the    third    phase    three 
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times,  which  of  course  will  result  in  in- 
creasing the  heat  of  the  motor. 

With  the  exception  of  the  above  ob- 
jection you  may  switch  your  motor  over 
on  one  phase  of  the  two  phase  generator. 
It  is  suggested  that  if  the  case  is  of  suf- 
ficient importance  you  might  install  a 
Scott  transformer  between  your  two 
phase  generator  and  three  phase  motor. 
Such  a  transformer  will  transform  a  two 
phase  into  a  three  phase  current  and  the 
motor  could  be  run  just  as  successfully 
from  the  two  phase  generator  as  from 
the  three  phase  mains. 


CIRCUIT  BREAKER. 

Question — (A)  I .  would  like  to  know  the 
action  and  makeup  of  a  circuit  breaker.  (B) 
Do  you  think  I  can  make  a  direct  current  dy- 
namo out  of  a  small  magneto  and  use  the 
same  as  a  motor  on  alternating  current  house 
circuit? — K.  U.,  Newark,  N.  J. 


breaking  the  circuit.  It  is  reset  by  hand. 
(B)  A  magneto  furnished  with  a 
two  part  commutator  forms  a  direct  cur- 
rent dynamo.  It  is  impossible,  however, 
to  ooerate  such  a  machine  as  an  alter- 
nating current  motor. 


HOW  TO   CONNECT  A  HOUSE 
TELEPHONE. 

Question — I  recently  purchased  parts  for  a 
telephone  and  attempted  to  put  them  together 
myself.  I  wish  to  use  it  for  house  telephone. 
I  had  the  wires  connected  all  sorts  of  ways 
but  was  unable  to  communicate  with  the  other 
telephone  without  hearing  myself,  and  when 
calling  the  other  station  my  own  buzzer  would 
ring  and  not  the  other. — W.  C;  V.,  Brooklyn, 
N.  Y. 
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CONNECTIONS     OF    HOUSE     TELEPHONE. 
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CIRCUIT    BREAKER. 


Answer 

shows  the  proper  connections  for  your 
telephones.  The  push  buttons  should 
have  upper  and  lower  contacts. 


Answers — A  circuit  breaker  consists 
of  a  switch  (s)  (see  cut)  which  is  held 
closed  by  a  catch  (c)  against  the  pull 
of  the  spring  (k).  A  solenoid  is  ar- 
ranged so  that  its  core,  when  raised,  re- 
leases the  catch.  Normally,  this  core 
is  adjusted  so  that  it  rests  on  a  screw. 
When  the  current  becomes  stronger  than 
is  desired,  the  solenoid  increases 
in  power  and  lifts  the  core.  This  re- 
leases the  switch  arm,  which  flies  open, 


DROP  IN  VOLTAGE. 

Question. — How  many  16  candle-power 
lamps  connected  in  series  on  a  220-volt  cir- 
cuit will  enable  me  to  get  10  or  12  volts?  R. 
J.  R.  Hayward.  Cal. 

Answer. — By    connecting    twenty-two 

lamps  in  scries  across  the  circuit,  loads 
taken  off  the  terminals  oi  any  one  lamp 
will  give  10  volts;  that  is.  each  lamp 
takes  its  portion  of  the  drop,  or  220  volts 
divided  hv   22. 
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REVIVING  OLD  DRY  BATTERIES. 

Question. — Is  there  any  way  of  renewing 
the  strength  of  old  dry  batteries?  If  so,  how? 
A.  W.  H.,  Racine,  Wis. 

Answer. — See  answer  to  question  (E) 

of  V.  E.  H.,  July,  1908,  issue  of  Popular 
Electricity. 


INDUCTION  COIL  QUESTIONS. 

Questions. — I  have  an  induction  coil,  with 
primary  wire  two  layers  No.  16,  and  No.  38 
wire  in  the  secondary.  With  a  condenser  this 
coil  gives  a  two-inch  spark  using  dry  bat- 
teries. (A)  Would  it  be  possible  to  run  this 
coil  on  an  alternating  current  of  "100  volts 
and  five  amperes?  (B)  What  would  be  a  safe 
current  for  the  coil?  (C)  Would  I  have  to 
cut  out  the  condenser?  (D)  Could  I  cut 
down  the  current  by  inserting  lamps  in  the 
circuit.     H.  L.  D,  New  York,   N.  Y.  _ 

Answers. —  (A)  Yes,  by  inserting  in 
series  with  the  primary  of  the  coil,  an 
electrolytic  interrupter  made  as  shown  in 
the  diagram  in  answer  to  "A  Reader," 
January,  1909,  issue  of  Popular  Electric- 
ity. If  you  have  a  "make  and  break" 
contact,  place  a  jumper  across  it. 

(B)  The  rated  capacity  of  Xo.  16  wire 
is  six  amperes,  but  it  is  a  fact  known  to 
coil  manufacturers  that  wires  in  coils 
seem  to  be  able  to  run  at  twice  their  ca- 
pacitv  without  serious  effects. 

(C)  Yes. 

(D)  Yes. 


ELECTROMAGNET;  BATTERY  MOTORS. 

Questions — Please  explain  the  following: 
(A)  How  to  make  an  electromagnet  to  be 
operated  with  batteries.  (B)  How  to  reverse 
a  battery  motor  so  that  it  can  be  run  in  either 
direction?  (C)  Hew  to  find  out  what  part  of 
a  horsepower  a  battery  motor  is  which  takes 
two  amperes  at — volts  and  gives  1800  revolu- 
tions per  minute,  series  wound. — G.  F.  R., 
Orange,   Calif. 

Answers — A  bar  of  3^-inch  soft  iron 
five  inches  long,  bent  into  a  U  shape, 
and  each  limb  wound  with  six  layers  of 
Xo.  18  cotton  covered  magnet  wire, 
makes  quite  a  powerful  magnet.  The 
two  coils  should  be  connected  so  that 
the  current  traverses  an  S-shaped  course 
in  passing  from  one  to  the  other. 

(B)  A  motor  is  reversed  by  revers- 
ing the  connections  of  either  (not  both) 
the  field  or  the  armature.  The  diagram 
shows  the  connections  of  a  simple  motor 
reversing  switch. 

(C)  The  voltage  of  your  motor  is 
omitted  in  your  question,  so  no  specific 
answer  can  be  given.     Multiply  the  volts 


BATTERY  MOTOR  REVERSER. 

by  the  amperes  to  find  the  watts.  There 
are  746  watts  in  an  electrical  horse 
power;  so  the  theoretical  power  is  easily 
found.  However,  the  efficiency  of  a 
battery  motor  is  frequently  not  over  30 
per  cent. 


TOY  MONORAIL  SYSTEM. 

Questions — (A)  In  constructing  the  toy 
monorail  car  shown  in  the  October  number, 
would  not  tin,  sheet  steel,  or  iron,  take  the 
place  of  brass  for  the  track?  The  resistance 
would  be  a  trifle  more  but  the  price  would 
make  up  for  more  than  that,  as  brass  angle 
sells  at  about  35  cents  a  foot,  while  tin  comes 
at  about  two  to  four  cents.  If  tin  is  used 
would  not  two  or  three  more  batteries  give 
sufficient  current  over  the  resistance  to  run 
the  car?  (B)  In  Fig.  5  you  show  one  end  of 
the  right  hand  electromagnet  connected  to 
the  journal  of  the  front  wheel.  How  does  the 
current  pass  from  the  track  back  to  the  bat- 
tery, when  the  track  is  not  connected?  In 
your  explanation  you  say  connect  one  termin- 
al of  the  battery  to  the  iron  steps  and  one  to 
the  trolley.  (C)  Please  give  me  a  clearer 
description  of  how  to  make  these  steps.  Are 
they  separate  pieces,  or  one  piece  cut  out,  or 
straight  with  one  inch  pieces  bent  back? 

Answers — (A)  Any  metal  will  do 
for  the  track.  Brass  is  preferable  only 
because  it  usually  affords  a  better  con- 
tact with  the  wheels.  If  tin  or  iron  is 
used,  be  sure  the  edge  is  clean,  to  con- 
nect with  the  wheel.  The  added  resist- 
ance is  negligible,  and  no  extra  battery 
power  will  be  necessary  because  of  the 
change. 

(B)  The  article  reads  "one  terminal 
of  battery  to  rail,  the  other  to  the  trol- 
ley wire."  Nothing  is  connected  to  the 
iron  steps. 

(C)  The  iron  steps  are  bent,  as 
shown  in  the  article,  of  fairly  thick  sheet 
iron  strips.  It  makes  no  difference 
whether  each  step  is  a  separate  piece,  or 
one  long  strip  is  bent  at  intervals  of  one 
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inch.  The  latter  is  the  easier  construc- 
tion. No  cutting  is  necessary  in  forming 
the  steps.  The  idea  is  to  present  slant- 
ing surfaces,  one  inch  long,  to  the  elec- 
tromagnet. 


THREE-WAY  SWITCH;  STORAGE 
BATTERY  CHARGING. 

Questions. —  (A)  How  may  a  light  be 
turned  on  or   off  from  two  different  points? 

(B)  How  may  the  polarity  of  a  110-volt^ two- 
wire,    direct-current     circuit    be    determined? 

(C)  How  can  I  tell  when  a  storage  battery  is 
charged  to  its  capacity  while  it  is  attached  to 
the  charging  apparatus?  (D)  Can  a  storage 
battery  be  charged  on  110  volts,  alternating 
current,  by  using  the  transformer  described 
in  a  previous  issue?  W.  W.  H.,  Clay  Center, 
Kansas. 

Answers. —  (A)  By  using  a  three-way 
switch  at  each  point,  wired  as  shown  in 
the  diagram.  This  way  of  connecting 
three-way  switches  complies  with  the 
rule  of  the  National  Board  of  Fire  Un- 
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THREE-WAY     SWITCH. 

derwriters,  which  reads,  "Three-way 
switches  are  considered  as  single-pole 
switches  and  must  be  wired  so  that  only 
one  pole  of  the  circuit  is  carried  to  either 
switch." 

(B)  Connect  a  wire  to  each  side,  pla- 
cing a  lamp  in  one  wire  to  act  as  a  resist- 
ance. Dip  these  ends  into  a  glass  of 
water,  slightly  acid,  keeping  them  apart. 
Gas  bubbles  will  be  given  off  the  nega- 
tive lead.  If  you  have  a  voltmeter,  at- 
tach one  of  its  leads  to  one  main  and 
touch  the  other  main  with  the  remaining 
lead.  The  voltmeter  will  be  deflected 
along  its  scale  when  the  positive  lead  of 
the  meter  is  in  contact  with  the  positive 
main. 

(C)  A  cell  is  fully  charged:  (a)  If. 
with  a  constant  current,  the  voltage  and 
specific  gravity  do  not  change  for  25  or 
30  minutes,  (b)  When  the  plates  de- 
cidedly increase  the  quantity  of  gas  given 
off.  (c)  When  the. specific  gravity  mea- 
sures 1.2,  and  the  voltage  from  2.5  to 
2.7.      (d)    When   the  negative  plate  as- 


sumes a  light  gray  color  and  the  positive 
plate  turns  a  dark  brown. 

(D)     No,    because    storage    batteries 
cannot  be  charged  by  alternating  current. 

BELL  WIRING. 

Question — Would  like  to  know  if  bell  could 
be  wired  to  ring  from  two  places  and  drop 
different  numbers  on  an  annunciator. — W.  A. 
K.,  Montreal,  Can. 


PUSH 


ill- 


BELL    WIRING    DIAGRAM. 

Answer — The   accompanying   diagram 
shows  the  connection  you  wish. 


POWER  FACTOR  FORMULA. 

Questions. —  (A)  In  your  December  issue,  p. 
516,  X.  Y.  Z.,  Michigan  City,  Ind,  gives  a 
problem  of  a  machine,  400  volts,  three-phase, 
500  amperes,  or  166%  amperes  per  phase.  90 
power  factor  lag,  asking  formulas  to  figure 
the  load.  If  his  ammeter  reads  500  amperes, 
where  does  he  get  the  166%  amperes? 

(B)  If  a  three-phase  machine  had  a  delta 
winding  in  its  armature,  and  the  meter  in 
each  lead  reads  500  amperes,  then  each  phase 
in  the  armature  would  generate  288.6  amperes. 
W.  E.  T,  Chicago,  111. 

Answers. —  (A)  Formula  and  solutions 
referred  to  are  correct.  However,  to 
speak  of  a  machine  as  being  a  500-ampere 
alternator,  where  3  X  166^3  amperes 
(the  current  in  each  lead)  is  meant  is 
not  usual  and  perhaps  somewhat  mis- 
leading. Alternating  current  generators 
are  generally  rated  on  name  plate  in 
kilowatts  as  found  by  formula  given. 
They  are  also  rated  in  horse-power  with 
current  output  per  lead  or  phase  noted. 

(B)  In  figuring  the  power  in  a 
three-phase  circuit,  you  substitute  for  A. 
in  the  formula  W  =  1.732  Y.  A.  P..  the 
current  in  one  phase.  In  the  example 
referred  to  this  would  be  one-third  of  the 
total  current  (500  amperes')  or  ioo-\; 
amperes.  You  will  note  that  it  was  spe- 
cifically stated  in  the  question  "500  am- 
peres or  166- j  amperes  per  phase." 
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[DYNAMO  DESIGN. 

Question. — (A)  Does  the  quantity  of  elec- 
tricity and  its  electromotive  force  increase  in 
a  ratio  with  the  velocity  of  the  armature  for 
a  given  generator? 

(B)  In  slow  speed  machines,  is  the  loss  of 
velocity  of  the  armature  compensated  by  the 
increase  in  the  number  of  magnets,  and  in  the 
number  of  coils  in  the  armature?  If  I  am 
right,  this  is  the  only  way  to  obtain  the  same 
electric  current.— A.  C.  R.,  Montreal,  Can. 

Answer — (A)  The  voltage  of  a 
dynamo  corresponds  to  the  speed  of  the 
armature,  or  number  of  lines  of  force  cut 
per  unit  of  time.  The  resistance  remain- 
ing the  same,  the  current  would  natural- 
ly vary  proportionately. 

(B)  Slow  speed  machines  usually 
have  large,  iron  clad  armatures  and  mul- 
tipolar fields.  The  idea  is  to  keep  the 
peripheral  speed,  or  the  rate  at  which  the 
lines  of  force  are  cut  by  the  conductors, 
about  the  same  in  any  case. 


TRANSFORMER  DESIGN. 

Question — Will  you  kindly  tell  me  how  to 
make  a  transformer  which  will  step  up  110 
volts  to  250  volts.  The  supply  is  alternating 
current  60  cycles. — J.  M.,  Chicago,  111. 

Answer — Your  question  is  very  in- 
definite, as  you  do  not  give  any  idea  as  to 
size  desired.  The  simple  transformer 
described  in  the  November  number  of 
Popular  Electricity  may  be  wound  to  de- 
liver 250  volts  by  making  the  secondary 
coil  of  2,400  turns  of  No.  27  double  cot- 
ton covered  wire.  Cover  the  primary 
with  five  layers  of  shellaced  linen  tape, 
and  the  secondary  with  the  same  amount. 
The  secondary  leading-in  wires  should 
be  enclosed  in  sleeves. 


ELECTROMAGNETIC  ENGINES;  ELECTRO- 
LYTIC  INTERRUPTER. 

Questions — (A)  Can  you  tell  me  what  size 
of  copper  magnet  wire  and  how  long  must  I 
use  on  bobbin  2%  inches  long  to  get  a  very 
powerful  magnet  out  of  it?  Want  a  pull  on 
bar  of  at  least  10  pounds  (induction  style). 
I  am  about  to  make  an  electromagnetic  en- 
gine, the  piston  being  soft  iron  runs  inside  of 
the  magnet  core,  and  want  to  know  the  cor- 
rect size  of  the  winding.  The  engine  is  to  be 
operated  on  110  volts,  about  10  amperes,  al- 
ternating current  of  60  cycles,  single  phase. 
(B)  Can  you  furnish  me  the  data  for  con- 
struction of  an  efficient  electrolytic  inter- 
rupter for  10  inch  spark  coil  on  110  volt  alter- 
nating current  system? — K.  B.  A.,  Geveland, 
Ohio. 

Answers — (A)  We  cannot  think  that 
you  mean  to  use  no  volts  and  10  am- 
peres, or  about  ij£  electrical  horse  pow- 


er, on  a  coil  of  the  small  size  you  de- 
scribe. By  winding  with  No.  28  single 
silk  covered  wire  your  coil  will  absorb 
about  one  ampere.  The  actual  pull  on  the 
core  will  be  problematical,  owing  to  the 
complicated  nature  of  small  alternating 
current  coil  calculations.  The  brass  tube 
of  the  spool  will  have  to  be  slit  its  whole 
length  if  alternating  current  is  used. 

(B)  The  construction  of  a  Wehnelt 
electrolytic  interrupter  is  described  in 
answer  to  "A  Reader"  in  the  January 
issue.  

CONSTRUCTION  OF  SMALL  GENERATOR. 

Question — I  have  a  set  of  castings  for  a 
small  generator  which  I  would  like  to  wind 
for  110  to  125  volts,  but  I  do  not  know  what 
size  wire  to  use  on  the  armature  and  fields, 
machine  to  be  compound  wound.  Armature 
drum  type,  to  be  wound  in  12  sections;  have 
room  to  wind  to  a  depth  of  %  of  an  inch; 
diameter  of  armature  three  inches,  length 
2%  inches.  Bipolar  undertype  fields.  Length 
of  fields  2%  inches,  diameter  1%  inches.  I 
have  room  to  wind  to  a  depth  of  %  of  an 
inch.— B.  W.  M.,  Edgar,  Neb. 

Answer — Armature  continuous  drum 
winding,  using  No.  27  wire.  Wind  the 
fields  with  No.  33  wire  for  shunt  coils, 
leaving  space  for  three  layers  of  No. 
23  wire  on  each  field  coil  for  series  con- 
nections. Three-eighths  inch  seems  a 
rather  deep  winding  for  a  smooth  drum 
armature  of  the  size  described.  You' 
will  have  to  determine  the  correct  speed 
experimentally. 


MAGNETO  GENERATOR. 

Questions. — I  have  a  three-bar  telephone 
ringing  generator  and  a  small  steam  engine 
which  I  wish  to  connect  together.  (A)  Will 
continuous  turning  of  the  armature  burn  out 
the  generator  windings?  (B)  If  this  current 
be  connected  to  an  induction  coil  will  the 
induced  current  be  alternating  or  direct?  (C) 
When  the  current  is  run  through  an  induction 
coil  will  the  coil  increase  the  amperage  and 
voltage  together?     F.  R. 

Answers. — (A)  That  depends  on  the 
size  of  wire  on  armature,  and  as  the  size 
of  wire  used  varies  with  purpose  of  gen- 
erator, it  is  impossible  to  answer  this 
question  without  more  definite  informa- 
tion. 

(B)  See  answer  to  "A  Reader's"  ques- 
tions (B)  and  (C),  January,  1909,  issue 
of  Popular  Electricity. 

(C)  No.  The  induction  coil  cannot 
create  energy.  The  total  energy  is  prac- 
tically constant.  An  increase  in  voltage 
mpans  less  current  in  the  secondary. 


NEW   ELECTRICAL    INVENTIONS 


APPARATUS  FOR  COOLING  ROOMS. 

In  the  December  issue  a  new  form  of 
electric  heater  was  described  in  this  de- 
partment, in  which  the  heat  generated  by 
an  electric  heating  coil  was  distributed 
through  tne  room  by  an  electric  fan.  A 
device  constructed  on  similar  lines  but 
for  a  diametrically  opposite  purpose ;  that 


*A* 


APPARATUS    FOR    COOLING    ROOMS. 

is,  for  cooling  the  room,  is  shown  in  the 
diagram. 

The  cooling  apparatus,  which  is  the 
invention  of  Pauline  Grayson,  of  New 
York  City,  consists  cf  a  cylindrical  cas- 
ing with  compartments  for  holding 
cracked  ice  and  air  ducts  distributed 
through  the  casing.  These  air  ducts  open 
at  the  top  into  a  compartment  containing 
a  fan  and  at  the  bottom  terminate  in 
nozzles  which  direct  the  air,  blown 
downward  by  the  fan,  out  into  the  room. 


The  fan  is  driven  by  an  electric  motor 
mounted  on  the  top  of  the  casing. 

ELECTRIC  REDUCTION  FURNACE- 

Karl  Kaiser  of  Berlin,  Germany,  has 
obtained  an  American  patent  on  a  furn- 
ace for  obtaining  metals  from  their  ores. 
Suitable  ores  or  products  of  smelting 
works  are  introduced  into  an  electric 
furnace  shown  in  the  cut  and  exposed  to 
the  heat  of  the  current  entering  and  leav- 
ing through  the  two  electrodes.  Fluxes, 
such  as  limestone  and  quartz,  are  added 
if  necessary.  As  soon  as  the  necessary 
temperature  has  been  attained,  in  most 
cases  the  melting  temperature  of  the 
mixture,    an   oxidizing  gas   such   as   at- 


ELECTRIC    REDUCTION   FURNACE. 

mospheric  air  is  introduced  into  the  heat- 
ed mass,  this  oxidizing  gas  serving  to 
oxidize  all  combustible  impurities  in  the 
ore,  the  gaseous  products  resulting  being 
led  off  from  the  furnace.  When  this 
stage  of  the  process  is  complete  a  re- 
ducing gas  is  introduced  into  the  heated 
mass.  For  this  purpose,  gaseous  carbon 
compounds  and  hydrogen  can  be  - 
ployed,  the  most  suitable  being  carbon 
monoxid,  water  gas  and  Dowson  gas. 
Hie  volatile  metals  escaping  in  gaseous 
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form,  for  example,  the  zinc,  are  led  out 
of  the  furnace  and  collected  in  a  suitable 
receiver  where  they  are  condensed  and 
thus  separated  from  any  gases  which 
pass  out  with  them.  The  liquid  con- 
stituents, for  example,  the  iron,  are  led 
off  from  the  lower  part  of  the  furnace. 


ELECTRIC  HAIR  DRIER. 

The  accompanying  diagram   shows   a 
side  and  an  end  elevation  of  an  improved 


the  upwardly  projecting  end  of  the  Y  is 
slipped  a  hollow  tube  of  copper  of  any 
length  desired  which  bears  on  its  upper 
end  the  usual  point.  Any  number  of 
these  points  are  easily  installed  on  a 
length  of  cable  and  when  properly  joined 
and  soldered  offer  a  continuous  path  for 
the  lightning  and  one  free  from  sharp 
angles,  from  which  the  lightning  would 
be  inclined  to  jump  to  the  wood  or  brick 
work. 


ELECTRIC    HAIR    DRIER. 


electric  hair  drier  invented  by  Mathias 
Thome  of  Chicago.  A  motor  (D)  is 
mounted  inside  of  a  casing  and  drives  the 
fan  (C)  which  forces  the  air  out  through 
the  tube.  In  entering  the  casing  the  air 
must  pass  over  the  heating  coils  (E). 
raising  its  temperature  to  the  proper 
point  for  rapidly  drying  the  hair.  Cur- 
rent to  the  motor  and  heating  coil  is  con- 
trolled by  the  snap  switch  (F). 


LIGHTNING  ROD. 

A  form  of  lightning  rod  which  is  very 
easy  to  install  is  shown  in  the  diagram. 
It  is  designed  to  fasten  to  a  stranded 
copper  cable  now  acknowledged  by  ex- 
perts to  be  one  of  the  best  forms  of 
lightning  conductor.  The  device  com- 
prises a  Y-shaped  connecting  joint  which 
is  fastened  by  clamps  or  collars  t'o  the 
copper  cable,  which  runs  along  the  ridge 
of  the  roof  or  other  exposed  points.  Ovex 
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StlORJ  CIRCUITS 


Jeweler  (to  grocer) — I  beg  your  pardon,  but 
didn't  I  see  you  put  two  or  three  finger  rings 
and  a  scarf  pin  "in   your   pocket? 

Grocer — Certainly.  When  you  come  into  my 
place,  aren't  you  always  picking  up  things  and 
putting  them  in  your  mouth? 


Santa  Fe  Employes  Magazine. 

"Hello!     Santa  Fe?" 
"Yes,   mum." 
"How  is  No.   2,  please?" 
"On    time." 

"What   time  is   it  due   here?" 
"Nine  o'clock." 

"What  time   is  it  now,   please?" 
"Eight   forty." 

"How  long  will  it  be  before  No.    '2  gets  here, 
please?" 

"Twenty  minutes." 

"Is  it  out  of  Marceline  yet?" 

"I   think  not." 

Then  the  receiver  went  up. 


Noopopp — "Quick!  tell  me,  nurse,  is  it  a  boy?" 
Nurse — "No;  guess  again." 

*  *     * 

The  Town  Grumbler — "I  dun'no'  what  things 
is  comln'  to.  Poor  old  Henry  gone;  Aunt  Jane's 
busted  her  leg;  the  old  woman's  ill  abed;  an' 
now,  doggone  me,  if  I  'aven't  lost  my  knife." — 

Harper's  Weekly. 

*  *     * 

"Are  you  a  believer  in  spiritualism?" 
"Yes;  the  ghost  walks  every  Saturday,  and  by 
Monday  I  have  nothing  left  but  a  hallucination." 

*  *     * 

"Have  you  heard  that  Jim  has  quit  smok- 
ing?" 

"No." 

"Yes;  you  see,  he  is  a  little  near-sighted,  and 
the  other  day  he  emptied  his  pipe  in  a  powder 
barrel." 

*  *     * 

"Your  husband  will  be  all  right  now,"  said 
an  English  doctor  to  a  woman  whose  husband 
was  dangerously  ill. 

"What  do  you  mean?"  demanded  the  wife. 
"You  told  me  he  couldn't  live  a   fortnight." 

"Well,  I'm  going  to  cure  him,  after  all."  said 
the   doctor.      "Surely  you  are  glad?" 

The  woman  wrinkled  her  brows. 

"Puts  me  in  a  bit  of  a  'ole,"  she  said.  "I've 
bin  an'  sold  all  his  clothes  to  pay  for  his  funer- 


"Well   now,    Pat,,"   said  the   magistrate   to  an 
old  offender,  "what  brought  you  here  again?" 
"Two  policemen,  sor,"  was  the  laconic  reply. 
"Drunk,  I  suppose?"   queried  the  magistrate. 
"Yes,  sor,"  said  Pat,   "both  of  thim.*' 

*  *     * 

Little  grains  of  sawdust — little  strips  of  wood, 
treated  scientifically  make  the  breakfast  food. 

*  *     * 

Master — "I'm  sorry  to  hear,  Tat.  that  your 
wife  is  dead." 

Patrick — "Faith  an'  'tis  a  sad  day  for  us  all. 
sir!  The  hand  that  rocked  the  cradle  lias  kicked 
the  bucket." 

*  *     * 

".lust  throw  me  hall'  a  dozen  of  the  biggest  of 
those   trout."   said  a   eiii/.on   to  the   fish  dealer 

"Throw    them!"    queried    the    dealer. 
'Yes.   and  then   I'll   go   home  and  tell   my  wife 
i  caught   'em.     i  may   he  a  poor  fisherman,  but 
I'm    no    liar." 


ELECTRICAL  DEFINITIONS. 


Accumulator. — Storage    battery. 

Alternating  Current. — That  form  of  electric 
cuirent  the  direction  of  flow  of  which  reverses 
a  given  number  of  time's  per  second. 

Ammeter. — An  instrument  for  measuring  elec- 
tric  current. 

Ampere. — Unit  of  current.  It  is  the  quantity 
of  electricity  which  will  flow  through  a  resist- 
ance of  one  ohm  under  a  potential  of  one  volt. 

Ampere  Hour. — Quantity  of  electricity  passed 
by  a  current  of  one  ampere  flowing  for  one 
hour. 

Anode. — The  positive  terminal  in  a  broken 
metallic  circuit;  the  terminal  connected  to  the 
carbon  plate  of  a  battery. 

Armature. — That  part  of  a  dynamo  or  motor 
which  carries  the  wires  that  are  rotated  in  the 
magnetic  field. 

Branch  Conductor. — A  parallel  or  shunt  con- 
ductor. 

Brush. — The  collector  on  a  dynamo  or  motor 
which  slides  over  the  commutator  or  collector 
rings. 

Bus  Bars. — The  heavy  copper  bars  to  which 
dynamo  leads  are  connected  and  to  which  the 
out-going  lines,  measuring  instruments,  etc., 
are   connected. 

Buzzer. — An  electric  alarm  similar  to  an  elec- 
tric bell,  except  that  the  vibrating  member 
makes  a  buzzing  sound  instead  of  ringing  a  bell. 

Candle  Power. — Amount  of  light  given  off  by 
a  standard  candle.  The  legal  English  and 
standard  American  candle  is  a  sperm  candle 
burning  two   grains  a   minute. 

Capacity,  Electric. — Relative  ability  of  a  con- 
ductor or  system  to  retain  an  electric  charge. 

Charge. — The  quantity  of  electricity  present 
on  the  surface  of  a  body  or  conductor. 

Choking   Coil. — Coil   of  high   self-inductance. 

Circuit. — Conducting  path  for  electric  current. 

Circuit-breaker. — Apparatus  for  automatical- 
ly  opening  a    circuit. 

Collector  Rings. — The  copper  rings  on  an  al- 
ternating current  dynamo  or  motor  which  are 
connected  to  the  armature  wires  and  over 
which   the   brushes   slide. 

Commutator. — A  device  for  changing  the  di- 
rection  of   electric  currents. 

Condenser. — Apparatus  for  storing  up  elec- 
trostatic charges. 

Cut-out. — Appliance  for  removing  any  appa- 
ratus  from   a    circuit. 

Cycle. — Full  period  of  alternation  of  an  alter- 
nating current  circuit. 

Diamagr.etic. — Having  a  magnetic  permeabil- 
ity inferior   to  that   of   air. 

Dielectric. — A   non-conductor. 

Dimmer. — Resistance  device  for  regulating  the 
intensity  of  illumination  of  electric  incandescent 
lamps.     Used   largely   in   theaters. 

Direct  Current. — Current  flowing  continuously 
in  one  direction. 

Dry  Battery. — A  form  of  open  circuit  battery 
in  which  the  solutions  are  made  practically 
solid  by  addition  of  glue  jelly,  gelatinous  silica, 
etc. 

Electrode. — Terminal  of  an  open  electric  cir- 
cuit. 

Electromotive  Force. — Potential  difference 
causing  current  to  flow. 

Electrolysis. — Separation  of  a  chemical  com- 
pound into  its  elements  by  the  action  of  the 
electric    current. 

Electromagnet. — A  mass  of  iron  which  is 
magnetized  by  passage  of  current  through  a 
coil  of  wire  wound  around  the  mass  but  in- 
sulated therefrom. 

Electroscope. — instrument  for  detecting  the 
presence  of   an   electric  charge. 

Farad. — Unit   of   electric   capacity. 

Feeder. — A  copper  lead  from  a  central  station 
to   some   center   of  distribution. 

Field  of  Force. — The  space  in  the  neighbor- 
hood of  an  attracting  or  repelling  mass  or 
system. 

Fuse. — A  short  piece  of  conducting  material 
of  low  melting  point  which  is  inserted  in  a 
circuit  and  which  will  melt  and  open  the  cir- 
euit  when  the  current  reaches  a  certain  value. 


Galvanometer. — Instrument       for       measuring 

current  strength. 

Generator. — A    dynamo. 

Inductance. — The  property  of  an  electric  cir- 
cuit by  virtue  of  which  lines  of  force  are  de- 
veloped around  it. 

Insulator. — Any  substance  impervious  to  the 
passage  of  electricity. 

Kilowatt.— 1,000   watts.      (See   watt.) 

Kilowatt-hour. — One  thousand  watt  hours. 

Leyden  Jar. — Form  of  static  condenser  which 
will  store  up  static  electricity. 

Lightning  Arrester. — Device  which  will  per- 
mit the  high -voltage  lightning  current  to  pass 
to  earth,  but  will  not  allow  the  low  voltage  cur- 
rent of  the  line  to  escape. 

Motor-dynamo. — Motor  and  dynamo  on  the 
same  shaft,  for  changing  alternating  current  to 
direct  and  vice  versa  or  changing  current  of 
high  voltage  and  low  current  strength  to  cur- 
rent of  low  voltage  and  high  current  strength 
and  vice  versa. 

Multiple. — Term  expressing  the  connection  of 
several  pieces  of  electric  apparatus  in  parallel 
with  each  other. 

Multiple    Circuits.— See    parallel    circuits. 

Neutral  Wire. — Central  wire  in  a  three-wire 
distribution  system. 

Ohm. — The  unit  of  resistance.  It  is  arbi- 
trarily taken  as  the  resistance  of  a  column  of 
mercury  one  square  millimeter  in  cross  section- 
al area  and  106  centimeters  in  height. 

Parallel  Circuits. — Two  or  more  conductors 
starting  at  a  common  point  and  ending  at  an- 
other common  point. 

Polarization. — The   depriving  of   a  voltaic   cell 
of  its  proper  electromotive  force. 
Potential. — Voltage. 

Resistance. — The  quality  of  an  electrical  con- 
ductor by  virtue  of  which  it  opposes  the  pas- 
sage of  an  electric  current.  Tha  unit  of  re- 
sistance is  the  ohm. 

Rheostat. — Resistance  device  for  regulating 
the  strength  of  current. 

Rotary  Converter.  —  Machine  for  changing 
high-potential  current  to  low  potential  or  vice 
versa. 

Secondary  Battery. — A  battery  whose  positive 
and  negative  electrodes  are  deposited  by  cur- 
rent from  a  separate  source  of  electricity. 

Self-inductance. — Tendency  of  current  flowing 
in  a  single  wire  wound  in  the  form  of  a  spiral 
to  react  upon  itself  and  produce  a  retarding 
effect   similar  to   inertia  in   matter. 

Series. — Arranged  in  succession,  as  opposed  to 
parallel  or  multiple  arrangement. 

Series  Motor. — Motor  whose  field  windings  are 
in  series  with  the  armature. 

Shunt. — A  by-path  in  a  circuit  which  is  in 
parallel  with   the   main  circuit. 

Shunt  Motor. — Motor  whose  field  windings 
are  in  parallel  or  shunt  with  the  armature. 

Solenoid. — An  electrical  conductor  wound  in 
a  spiral  and  forming  a  tube. 

Spark-gap. — Space  between  the  two  electrodes 
of  an  electric  resonator. 

Storage    Battery. — See    secondary    battery. 

Thermostat. — Instrument  which,  when  heated, 
closes  an  electric  circuit. 

Transformer. — A  device  for  stepping-up  or 
stepping-down  alternating  current  from  low  to 
high   or  high  to  low  voltage,   respectively. 

Volt. — Unit  of  electromotive  force  or  potential. 
It  is  the  electromotive  force  which,  if  steadily 
applied  to  a  conductor  whose  resistance  is  one 
ohm.   will  produce  a  current  of  one  ampere. 

Voltage. — Potential  difference  or  electromotive 
force. 

Volt  Meter. — Instrument  for  measuring  volt- 
age. 

Watt. — Unit  representing  the  rate  of  work  of 
electrical  energy.  It  is  the  rate  of  work  of  one 
ampere  flowing  under  a  potential  of  one  volt. 
Seven  hundred  and  forty-six  watts  represent 
one  electrical  horse  power. 

Watt- hour. — Electrical  unit  of  work.  Repre- 
sents work  done  by  one  watt  expended  for  one 
hour. 
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A  VISIT  TO  THE  ELECTRICAL  SHOW. 


BY  WILLIAM   KEILY. 


Chicago  is  sometimes  accused  of  being 
boastful,  often  when  it  should  rather  be 
praised  for  being  energetic  and  enthusi- 
astic. In  the  case  of  its  annual  Electrical 
Show,  however,  it  is  surely  entitled  to 
felicitate  itself  for  establishing  an  exhi- 
bition which  is  not  only  highly  instruc- 
tive, both  to  the  technical  man  and  the 
layman,  but  also  furnishes  a  brilliant 
spectacle,  with  good  music  and  many 
features  of  general  novelty  and  interest. 

It  was  in  Chicago  that  the  first  suc- 
cessful electrical  show  was  held,  and  the 
excellent  example  has  been  followed  in 
many  other  cities  and  towns.  Chicago 
made  a  success  of  the  show  owing  to  its 
prominence  in  the  industry  and  its  fav- 
orable geographical  position,  but,  most 
of  all,  from  the  fact  that  the  electrical 
men  of  the  city  worked  together  as  one 
man  to  make  it  a  success,  laying  aside 
all  competitive  distrust  to  labor  for  the 
common  end — the  good  of  the  industry. 
The  show  is  genuine — a  real  electrical 
exhibition,  made  by  electrical  men.  Hon- 
esty is  manifest  in  it,  and,  like  most  hon- 
est efforts,  it  is  recognized  and  appreci- 
ated. 

The  fourth  annual  Chicago  Electrical 
Show  was  held  at  the  Coliseum  on  Janu- 
ary 16  to  30,  1909,  and  it  was  a  beautiful, 
educational  and  successful  exposition  of 
the  lighter  applications  of  electricity, 
with  some  examples  of  comparatively 
heavy  machinery.  Space  is  available  for 
reference  to  only  a  few  of  the  features 
of  more  particular  interest  to  the  aver- 
age visitor,  and  no  attempt  will  be  made 
to  describe  the  exhibits  in  detail.  There 
were  more  than  a  hundred  of  them,  and 


every  one  could  be  studied  with  profit. 

ILLUMINATION     AND    DECORATIVE    LIGHT- 
ING. 

Unstinted  praise  was  lavished  on  the 
plan  of  general  illumination.  No  arc 
lamps  were  used  for  this  purpose,  tungs- 
ten lamps  being  relied  upon  exclusively. 
These  were  placed  on  posts  of  artistic 
design  and  upon  graceful  low  arches 
over  the  aisles,  in  the  manner  shown  in 
the  illustrations,  producing  charming  vis- 
tas with  pergola-like  effect.  All  railings., 
posts  and  signs  were  uniform  in  design 
and  of  light  color.  There  was  a  line  of 
lights  around  the  interior  of  the  large 
building,  above  the  gallery  level  and  out- 
lining the  "sunbursts"  of  delicate-tinted 
bunting  at  each  end.  In  the  center  was 
suspended  a  large  and  handsome  fixture 
supplied  with  many  white  and  colored 
lamps. 

Spanning  all  was  the  deep,  dark  vault 
of  heaven,  with  a  thousand  twinkling- 
stars — stars  of  different  magnitude,  some 
blue-white,  some  yellowish-white,  some 
ruddy,  but  all,  or  apparently  all,  "wink- 
ing" at  the  lowly  observer  in  the  most 
friendly  and  natural  manner.  It  was  an 
illusion,  of  course,  but  very  effective — 
the  best  thing  in  the  show  from  a  spec- 
tacular point  of  view. 

The  "sky"  was  very  dark  blue  bunting 
fastened  on  the  roof  arches,  which  it  con- 
cealed. It  was  not  itself  visible  save  as 
the  blackness  of  night,  but  it  formed  the 
background  for  the  "stars,"  which  were 
two-candlepower  incandescent  lamps 
with  carbon  filaments.  These  little 
lamps  were  placed  irregularly  and  were 
visible  only  as  tiny  points  oi  light.  Some 
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were  more  brilliant  than  others  and  some 
were  made  to  twinkle  by  an  automatic 
flasher  arrangement.  The  whole  effect 
was  most  natural  and  did  great  credit  to 
those  who  planned  it  and  carried  it  into 
execution. 

NAVAL  DISPLAY. 

Acting  in  concert,  the  United  States 
Navy  Department  and  the  Illinois  Naval 
Reserve  caused  the  U.  S.  S.  Electra  to 
cast  anchor  in  the  Annex  to  the  Coli- 
seum during  the  progress  of  the  Elec- 
trical Show.    This  exhibit  was  the  simu- 


two  colors  spell  out  words  by  "Morse"), 
Stone  wireless  telegraph  and  telephone 
apparatus,  electric  ammunition  hoist, 
electric  helm  indicator,  electric  steering 
gear,  engine-room  telegraph,  and  elec- 
tric truck-light  control  (giving  a  quick 
signal  to  a  following  ship,  from  a  mast- 
truck,  in  case  of  necessity). 

On  one  side  of  the  Electra  was  a  fine 
model,  in  a  glass  case,  of  the  United 
States  battleship  Illinois,  while  on  the 
other  was  a  full-sized  and  fully  equipped 
six-oared     captain's     gig — one     of     the 


EXHIBIT    OF   LAMPS— THE   NEW    TUNGSTEN    PREDOMINATES. 


lation  of  the  deck  and  bridge  of  a  gun- 
boat. The  "ship"  was  outlined  in  elec- 
tric lights,  smokestack  and  all,  and  car- 
ried seven  Hotchkiss,  Colt  and  Gatling 
rapid-fire  and  automatic  guns.  The  run- 
ning lights,  side  lights  and  masthead 
lights  of  a  warship  were  represented,  and 
there  was  an  1 8-inch  searchlight.  Other 
features  were  an  electrically  lighted 
semaphore  for  signaling,  the  Ardois  sig- 
naling system  (in  which  electric  lights  of 


rowing  boats  carried  by  a  warship.  The 
exhibit  was  in  charge  of  Lieutenant- 
Commander  E.  T.  Witherspoon  of  the 
Navy  and  W.  F.  Purdy  of  the  Reserve. 
while  Chief  Gunner  Olssen  had  much 
to  do  with  the  actual  installation  of  ap- 
paratus. Literature  setting  forth  the 
attractions  of  the  service  and  describing 
the  training  oi  electricians  for  the  Xavv 
was  distributed,  and  Lieutenant-Com- 
mander Witherspoon  gave  an  appreciat- 
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ed  talk  on  "Electricity  in  the  Navy"  at  a 
meeting  of  the  Electric  Club  of  Chicago 
at  the  Coliseum  during  the  show. 

INDUSTRIAL    POWER. 

Probably  the  most  instructive  display 
at  the  Electrical  Show  was  that  made 
by  the  Commonwealth  Edison  Company 
of  Chicago  illustrating  the  application  of 
electric  power  to  various  industries.  A 
large  space  at  the  north  end  of  the  build- 
ing was  devoted  to  this  collective  exhibit. 
The  various  machines  were  shown  in 
actual  operation,  and  they  were  watched 


and  driven  by  a  three-horsepower  motor. 

Xear  by  was  an  outfit  of  knitting  ma- 
chinery, with  operatives  busily  engaged 
in  making  knitted  fabrics.  The  machines 
work  at  high  speed  and  seldom  make  a 
false  stitch.  Adjoining  was  a  section  de- 
voted to  cloth-cutting  by  electricity.  A 
keen  knife,,  motor-driven,  enables  the  cut- 
ter in  a  clothing  factory  to  cut  as  many 
as  16  thicknesses  of  heavy  goods  at  one 
operation.  This  represents  a  great  sav- 
ing of  labor. 

In  iron  and  steel  working  some  excep- 


INDUSTPJAL  EXHIBIT    SHOWING    APPLICATIONS    OF    KDTSON   POWER. 


with  lively  interest,  because  they  were 
new  to  most  of  the  spectators  and  indeed 
some  of  them  would  be  new  to  experts, 
being  of  recent  design.  Wherever  prac- 
ticable, individual  motors  were  used.  The 
exhibit  was  arranged  by  the  central-sta- 
tion company  in  conjunction  with  some 
of  its  power-using  customers,  and  it  wras 
of  benefit  to  all  concerned  in  it. 

At  one  end  of  the  exhibit  was  a  line  of 
shoe-repairing  machinery  embracing 
every  really  essential  process  in  resoling 
shoes,  from  stitching  to  the  final  brush- 
ing, all  apparatus  mounted  on  one  frame 


tionally  interesting  apparatus  was  shown. 
all  in  operation,  like  the  rest.  Two  small 
punch  presses  cut  out  and  shaped  metal 
specialties  for  souvenirs.  A  rivet-spin- 
ning machine  made  heads  on  rivets.  A 
rotary  bevel  shear  for  cutting  iron  plate- 
one  inch  thick  on  the  bevel  was  a  pon- 
derous machine,  but  perhaps  most  atten- 
tion was  attracted  by  the  Ryerson  fric- 
tion saw  for  cutting  cold  metals.  This 
machine  was  operated  by  a  specially  de- 
signed 25-horsepower  motor.  It  will  cut 
a  15-inch  I-beam  in  28  seconds,  it  is  said. 
A   massive   punch   for   cutting  holes   in, 
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say,  boiler  plate  was  also  included  in  the 
exhibit.  Near  at  hand  was  an  electric 
welder,  by  which  wire  hoops  were  weld- 
ed by  electric  heat. 

Other  features  of  the  industrial  power 
exhibit  were  electric  potato  parers,  such 
as  are  used  in  the  Navy,  and  electric 
dough  mixers  for  bread  and  cake.  The 
latter  were  very  popular,  for  white-clad 
bakers  made  little  cakes  shaped  like  in- 
candescent lamps,  cooked  them  to  a  turn 


a   band-saw   and  blowers   for   removing 
shavings  and  chips. 

Adjoining  was  a  small  but  modern 
"print  shop,"  headquarters  of  The  Elec- 
tric City,  the  attractive  publication  of  the 
Commonwealth  Edison  Company.  Here 
were  a  linotype  machine,  a  printing  press 
and  other  paraphernalia  of  the  printer. 
A  moving-picture  machine,  embossing 
machines  for  printers  and  binders  and  a 
Marconi  "wireless"  outfit  completed  this 


HOUSEHOLD    APPLIANCES    IN   PROFUSION. 


in  electric  ovens  and  handed  them  out, 
piping  hot,  to  the  nothing-loth  spec- 
tators. 

There  was  also  a  wood-working  shop 
with  a  most  interesting  multiple  wood- 
carving  machine  by  which  four  objects 
may  be  carved  at  one  time,  and  all  are 
faithful  copies  of  one  hand-carved 
original.  The  great  utility  of  this  ma- 
chine in  fine  cabinet-making  and  interior 
decoration  is  obvious.  In  this  shop  were 
also  a  wood-embossing  machine,  a  lathe. 


extremely    interesting    industrial    power 
exhibit. 

SOME    DISTINGUISHING    FEATURES. 

Electric  lamps  of  all  kinds  were  shown, 
of  course,  but  most  attention  appeared  to 
be  paid  to  the  tungstens,  among  incan- 
descents,  and  the  flaming  type,  among 
arcs.  In  one  handsome  booth  all  kinds 
of  tungsten  lamps  were  shown,  from  the 
i^-volt  pocket  lamp,  which  will  burn  on 
one  cell  of  dry  battery,  to  the  250- watt 
multiple  lamp,  which  gives  200  candle- 
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power.  A  demonstration  showed  that 
voltage  variation  affected  tungsten  lamps 
comparatively  little.  In  another  exhibit 
carbon,  magnetite  and  flaming  arcs  were 
projected  on  a  screen,  after  being  mag- 
nified, so  that  their  characteristics  could 
be  studied.  Near  by  was  a  very  modern 
outfit  for  measuring  light,  including  a 
new  German  photometer  for  taking 
spherical  candlepower,  the  first  of  its 
kind  to  be  used  in  this  country.  An- 
chored-filament tungsten  lamps  were  a 
novelty  shown  in  another  space. 

There  were  electric  signs,  of  course, 
and  flashers  for  signs  and  all  kinds  of 
shades,  reflectors  and  fixtures,  some  of 
the  last-named  being  very  beautiful. 

Small  motors  were  there  in  all  sizes 
and  types  and  for  all  applications,  from 
little  telephone-booth  fans  and  electric 
vibrators  in  the  hands  of  skillful  demon- 
strators, up  to  new  types  for  driving 
heavy  machinery.  There  were  also  dyna- 
mos, wire,  instruments,  electric  railway 
material,  conduit,  controlling  devices, 
fuses,  small  tools  and  machine  tools,  pri- 
mary and  storage  batteries,  transformers, 
sockets  and  switches,  electric  clocks,  time 
stamps,  sound  magnifiers  for  the  partial- 
ly deaf,  circuit  breakers,  insulators,  elec- 
trical books  and  periodicals — electrical 
appliances  without  end  almost. 

Particular  attention  was  paid  to  the 
uses  of  electricity  in  the  household. 
There  were  literally  heaps  of  electric  flat- 
irons.  Some  of  them  were  in  the  new 
gunmetal  finish,  and  all  had  some  par- 
ticularly good  quality,  according  to  the 
various  attendants.  In  one  booth  a  quiet 
Chinaman  was  placidly  ironing  towels 
with  the  electric  iron.  Electric  washing 
machines,  sewing  machine  motors,  elec- 
tric curling  irons  and  all  kinds  of  elec- 
tric heating  and  cooking  apparatus  were 
shown  in  profusion,  and  usually  demon- 
strated. There  were  the  new  flat  heating 
units  for  water  heaters  and  the  like,  new 
tubular  electric  air  heaters  for  rooms, 
radiant  heat  bread  toasters,  new  forms  of 
electric  cigar  lighters  and  other  novelties 
in  this  line. 

The  various  types  of  vacuum  clean- 
ers and  electric  sweepers  were  objects  of 
attentive  study  and  general  interest.  .No 
less  than  ten  exhibitors  had  displays  of 
this  character,  and  the  use  of  the  devices 
was  being  constantly  demonstrated.  One 


test  shown  was  to  remove  the  tool  at  the 
end  of  the  suction  hose  and  pick  up  a 
lead-pencil  from  the  floor  by  the  draft  of 
in-rushing  air.  The  number  of  exhibits 
and  the  interest  shown  indicated  clearly 
the  present-day  importance  of  mechan- 
ical cleaning. 

Telephone  apparatus  was  shown  in 
great  variety,  including  apparatus  made 
for  naval  and  shipboard  use  and  ingeni- 
ous intercommunicating  systems.  Spe- 
cial sets  for  use  in  telephonic  train  dis- 
patching were  a  novelty.  The  Chicago 
Telephone  Company  had  in  actual  opera- 


ELECTRICALLY     DRIVEN     MACHINE 
THAT  CARVES  WOOD. 


tion  a  multiple  switchboard  of  its  latest 
type  with  six  attractive  operators. 

Brand  new  was  the  "time-a-phone." 
first  disclosed  at  the  1909  show.  Mr.  M. 
M.  Wood  is  the  inventor  of  this  device. 
by  the  use  of  which  one  may  know  the 
time  at  any  hour  of  the  day  or  night  by 
picking  up  a  small  telephone  receiver, 
holding  it  to  his  ear  and  pressing  a  but- 
ton attached  to  the  receiver.  The  hours. 
quarters  and  minutes  are  struck  in  mu- 
sical tones  for  that  instant.  The  prin- 
ciple is  that  of  a  minute-repeater  watch 
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TESTING    A    HUNDRED    THOUSAND    VOLT  INSULATOR. 

applied  to  standard  time  and  the  tele- 
phone. From  one  master  clock  or  other 
source  of  time  any  number  of  time-a- 
phones  can  be  connected  at  any  distance. 
The  device  may  be  used  in  hotels,  sleep- 
ing cars  and  hospitals.  It  gives  the  time 
on  demand  in  the  dark  when  one  is  in 
bed.  All  that  is  to  be  done  is  to  draw 
the  little  round  disk  from  under  the  pil- 
low, apply  it  to  the  ear  and  press  the 
button. 

Technical  and  practical  electrical  men 
were  much  impressed  with  a  new  and 
really  original  device,  the  Murphy  recti- 
fier, invented  by  Mr.  T.  J.  Murphy  of 
Rochester,  N.  Y.  No  vacuum  tubes, 
electrolyte,  inductance  or  resistance  are 
used  in  this  rectifier,  which  is  an  appa- 
ratus to  convert  alternating  current  into 
direct,  or,  more  accurately  speaking,  uni- 
directional current,  so  that  it  can  be  used 
for  charging  storage  batteries,  for  in- 
stance. Without  attempting  to  describe 
the  device  in  non-technical  language, 
which  would  be  difficult,  it  may  be  said 
that  the  machine  is  radically  different 
from  preceding  types  of  rectifiers  and 
was  examined  with  minute  attention. 

A  demonstration  that  was  both  scien- 
tific and  spectacular  was  given  in  one  of 
the  exhibits.  A  transformer  built  to  give 
the  high  pressure  of  250,000  volts  was 


part     of     the     display. 
From   this,    electric    en- 
ergy   was    obtained    to 
test  some  large  insulat- 
ors   of     the     suspended 
type,   one   disk  hanging 
below      another,     some- 
thing   like    beads    on    a 
string.    These  insulators 
are   made   to    withstand 
100,000  volts,   and  they 
were     tested     under     a 
spray  of  water,  as  in  a 
driving  rain  storm.  The 
transformer  was   so  ar- 
ranged that  the  voltage 
could        be       gradually 
raised  and  lowered.  Pop- 
ular interest  was  excited 
when       the       discharge 
"arced"  over  at  the  very 
high   potentials.     There 
would    be    a    wavering 
line   of    fire,   like   mini- 
ature   lighting,    perhaps 
three  feet  long,  accompanied  by  a  series 
of    reports,    making    a    loud    crackling 
sound.     At  other  times  there  would  be 
a    shower    of    sparks    between    the   two 
extremes    of    the    insulator    under    test. 
The  exhibition  never   failed  to  draw  a 
wondering  throng. 

There  were  also  an  electric  incubator 
and  brooder  where  chickens  were  hatch- 
ed and  cared  for  by  electric  heat.  Plenty 
of  little  chicks  were  running  about  in 
their  enclosure,  to  the  delight  of  the  little 
folks. 

In  this  visit  the  reader  has  only 
touched  the  "high  spots"  in  the  Electrical 
Show,  but,  like  all  visits,  it  must  come 
to  an  end.  There  is  no  time  to  touch  on 
the  excellent  music,  the  special  days,  the 
out-of-town  visitors,  the  souvenirs,  the 
many  other  things  that  could  be  men- 
tioned. But  it  was  a  good  show,  car- 
ried out  with  good  judgment  and  good 
taste.  The  Electrical  Trades  Exposition 
Company  is  fairly  entitled  to  commenda- 
tion for  producing  an  exhibition  of  such 
well-balanced  excellence.  This  company 
is  representative  of  electrical  Chicago. 
Its  officers  are:  President,  Samuel  In- 
sull;  vice-president,  E.  B.  Overshiner; 
secretary  and  treasurer,  Stewart  Spald- 
ing; manager,  Homer  E.  Niesz;  assist- 
ant manager,  John  J.  Schayer. 
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THE  CENTRIFUGE. 

Various  tests  made  by  physicians  on 
blood,  milk  and  other  liquids  are  per- 
formed by  the  centrifugal  process ;  that 
is,  by  rapidly  whirling  tubes  that  con- 
tain the  liquid  to  be  tested.  The  heavier 
constituents  of  the  liquid  tend  to  flow  to 
the  parts  of  the  tube  farthest  from  the 
center  of  rotation. 


For  testing  blood  the  machine  is  oper- 
ated at  10,000  revolutions  a  minute. 


CENTRIFUGE. 

The  Centrifuge  is  an  inexpensive  and 
efficient  device  for  performing  such 
tests.  It  consists  of  a  small  vertical 
motor  on  a  suitable  stand  which  carries 
on  the  upper  end  of  the  shaft  two  hori- 
zontal arms  with  receptacles  for  the  test 
tubes.  The  test  tube  and  receptacle 
hang  from  a  point  considerably  above 
the  center  of  gravity  so  that  as  the  arms 
revolve  the  tubes  are  carried  out  in  a 
horizontal  direction  and  the  heavier  por- 
tions of  the  liquid  are  carried  outward. 

Below  the  point  of  suspension  of  the 
arms  is  a  concave  disk  which  acts  as  a  fly 
wheel.  "Phis  revolves  on  the  principle  of  a 
gyroscope  and  steadies  the  motion  of  the 
arms ;  it  also  causes  a  more  gradual  start- 
ing and  stopping,  which  is  a  desirable 
feature. 


MOTOR  DRIVEN  T1TUBATOR. 

All  X-ray  photographers  have  felt  the 
need  of  some  kind  of  mechanical  device 
that  would  relieve  them  of  the 
monotonous  task  of  "tray  shaking."  This 
little  motor  driven  device  called  the  titu- 
bator  will  do  the  work.  The  revolving 
table  in  addition  to  its  rotation  move- 
ment is  at  the  same  time  given  a  tipping 
movement  similar  to  the  "Ocean  Wave," 
which  furnishes  so  much  amusement  at 
summer  resorts.  This  effectually  shakes 
the  plates  while  they  are  being  developed. 


TITUBATOR. 

Several  plates  may  be  developed  at 
same  time. 


tin 


FAILURE  OF  MOTOR  'LEADS. " 

Inspectors  of  elevated  railway  equip- 
ment sometimes  have  trouble  with  a 
rather  peculiar  failure  of  the  conduc- 
tors in  the  insulated  wires  supplying  cur- 
rent to  the  motor,  and  at  the  point  where 
the  wires  enter  the  motor,  A  rough  ex- 
amination of  the  "lead."  as  it  is  called, 
discloses  nothing  wrong,  as  the  insula- 
tion is  generally  in  fair  condition,  yet 
there  is  no  electrical  connection.  In  truth 
the  conductors  have  become  broken  or 
worn  through,  due  to  the  repeated  move- 
ment and  turning  o\  the  wires  as  the  car 
takes  curves. 
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CHAPTER       XI. PHYSIOLOGICAL       EFFECTS     OF    ELECTRIC   DISCHARGES. 


When  an  electric  discharge  is  passed 
through  the  muscles  or  nerves  of  an 
animal,  various  physiological  effects  are 
produced  that  markedly  vary  not  only 
with  the  direction  of  the  discharge  and 
the  value  of  the  electromotive  force,  but 
also  with  the  steadiness  or  constancy  of 
the  current  strength.  The  powerful  dis- 
charges of  high  electromotive  forces  pro- 
duce effects  that  differ  from  the  weak 
discharges  of  feeble  electromotive  forces. 
So,  too,  direct  currents,  or  those  that 
continue  to  flow  in  one  and  the  same  di- 
rection, produce  effects  that  differ 
markedly  from  discharges  that  are  of  an 
alternating  or  oscillatory  character,  that 
is,  which  are  constantly  changing  in  the 
direction  of  their  flow. 

Since  the  character  of  the  electricity 
produced  varies  with  the  kind  of  electric 
source  that  produces  it,  the  physiological 
effects  must  vary  also  with  the  kind  of 
electric  sources  employed. 

The  passage  of  electricity  through 
the  human  body  often  produces  effects 
that  result  in  the  curing  of  its  diseased 
conditions,  as  well  as  in  the  general  im- 
provement of  the  health.  Consequently 
electric  discharges  are  now  generally 
employed  for  such  purposes,  this  ap- 
plication being  known  as  electrothera- 
peutics. 

Some  of  the  more  important  electric 
sources  employed  in  electrotherapeutics 
are  the  Leyden  jar,  the  induction  coil, 
the  voltaic  battery,  the  dynamo-electric 
machine ;  or,  as  it  is  generally  called 
when  employed  for  this  purpose,  the 
therapeutic  generator,  the  Franklinic  or 
electrostatic  induction  machine,  appara- 
tus for  high  frequency  alternating  dis- 
charges, as  well  as  many  others. 

The  electric  currents  produced  by  the 
discharge  of  a  Leyden  jar  are  rapidly  al- 
ternating or  oscillatory,  consisting  of 
discharges  that  follow  one  another  at 
the  rate  of  hundreds  of  millions  of  com- 
plete to-and-fro  motions  per  second. 
These  discharges,  however,  continue  but 
for  a  very  short  time,  the  jar  being  com- 
pletely discharged  according  to  the  con- 


ditions of  the  circuit  after  from  two  to 
thirty  complete  to-and-fro  discharges. 

On  the  contrary,  the  voltaic  cell  or 
battery  produces  a  steady  discharge  that 
retains  both  the  direction  of  its  flow  and 
the  value  of  its  electromotive  force. 

As  the  name  indicates,  electrothera- 
peutic  generators  or  alternators  produce 
currents  that  alternate  or  vary  in  their 
strength.  These  machines  are  made  of 
different  sizes  and  consist  practically  of 
dynamo-electric  machines  without  com- 
mutators. So  that  the  alternating  cur- 
rents produced  in  the  armature  coils  are 
sent  into  the  external  circuits  without 
being  caused  to  flow  in  one  and  the  same 
direction. 

Frictional  electric  machines  are  em- 
ployed either  for  producing  disruptive 
discharges  or  for  obtaining  convective 
or  brush  discharges.  In  either  case  the 
discharges  are  applied  at  or  near  the 
portions  of  the  body  that  are  to  be 
treated. 

Induction  coils  produce  currents  that 
rapidly  alternate  or  vary  in  their  direc- 
tion, and  produce  electromotive  forces 
differing  greatly  from  the  electromotive 
forces  of  the  electric  sources  employed 
for  their  operation.  As  a  rule,  the  elec- 
tromotive forces  produced  are  much 
greater  than  those  that  produce  them. 
The  induction  coils,  together  with  the 
battery  that  furnishes  the  current  neces- 
sary for  their  operation,  are  placed  in- 
side a  small  portable  box  provided  with 
terminals  or  electrodes  for  applying  the 
current  to  the  different  parts  of  the  body 
and  a  device  called  an  ampere  meter,  or 
ammeter,  for  measuring  the  current 
strength.  The  relative  strength  of  the 
two  opposite  currents  will  be  discussed 
in  the  article  on  electro-receptive  de- 
vices when  the  construction  and  opera- 
tion of  the  induction  coil  will  be  more 
fully  described. 

The  apparatus  for  producing  the 
high-frequency  alternating  discharges 
consists  of  Leyden  jar  batteries,  the  dis- 
charges of  which  are  passed  through 
especially  wound  induction  coils,  Jn  this 
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way  are  produced  the  very  high-fre- 
quency discharges  that,  within  compara- 
tively recent  dates,  have  come  into  some- 
what extended  use  in  electrotherapeu- 
tics. 

The  electric  sources  or  electro-recep- 
tive devices,  above  referred  to,  will  be 
described  in  detail  in  other  chapters. 

The  passage  of  an  electric  discharge 
through  the  muscles  of  a  living  animal 
generally  contracts  the  muscular  fibres. 
When  the  electrodes  or  terminals  of  a 
strong  voltaic  battery  are  held  in  the 
two  hands,  what  is  known  as  physiolog- 
ical shock  is  produced.  This  shock  varies 
with  the  number  of  cells  employed ;  or, 
in  other  words,  with  the  value  of  the 
electromotive  force. 

In  the  direct  currents  produced  by  a 
voltaic  battery  that  do  not  alternate  or 
change  in  direction,  it  is  only  at  the  mo- 
ment of  making  or  breaking  the  circuit 
that  the  contractions  occur.  As  soon  as 
the  currents  are  established,  and  the 
flow  of  electricity  is  uniform,  contrac- 
tions cease,  and  although  chemical  and 
other  effects  are  produced  by  the  cur- 
rent, yet  these  effects  are  not  so  im- 
mediately apparent.  The  muscular  con- 
tractions are  produced  at  every  opening 
or  closing  of  the  circuit,  and  the  more 
sudden  these  openings  or  closings,  the 
more  pronounced  are  the  contractions. 

When  the  openings  and  closings  of 
the  circuit  are  rapid,  the  muscles  may  be 
thrown  into  a  condition  of  permanent 
contraction,  known  as  tetanus,  in  which 
a  new  contraction  takes  place  before  the 
disappearance  of  the  previous  contrac- 
tion. 

But  it  is  not  only  in  the  muscles  of 
animals  that  electric  discharges  produce 
contractions.  They  are  also  produced 
in  the  protoplasm  of  plants,  the  proto- 
plasm being  what  may  be  regarded  as 
the  physical  basis  of  life  in  both  ani- 
mals and  plants.  Protoplasm  exists  in 
the  lowest  forms  of  life,  such  as  in  the 
amoeba,  an  animal  so  simple  that  it  has 
been  described  as  a  living  mass  of  trans- 
parent matter.  This  animal  is  especially 
sensitive  to  electric  discharges.  Ordi- 
narily, it  is  continually  undergoing 
changes  of  shape.  On  the  passage  of  an 
electric  discharge  it  immediately  con- 
tracts,  draws   itself  up   into   as   small    a 


space  as  possible,  assuming  the  shape  of 
a  rounded  globe. 

The  physiological,  effects  of  electric 
discharges  are  not  limited  to  the  muscles 
of  animals.  Their  passage  through  a 
living  nerve  throws  it  into  a  state  of  in- 
creased activity  and  sensibility.  If  the 
nerve  is  connected  with  the  muscles,  the 
latter  will  contract,  only  in  this  case  the 
contraction  is  entirely  involuntary.  If 
the  nerve  is  a  sensory  nerve  the  passage 
of  a  discharge  may  produce  a  sensation 
of  pain.  If  the  nerve  is  connected  with 
some  special  organ,  such  as  the  eye,  the 
ear,  the  tongue,  the  nose,  its  electric  ex- 
citement will  be  attended  by  the  sensa- 
tion of  light,  sound,  taste  or  smell.  As 
in  the  case  of  the  passage  of  a  discharge 
through  the  muscles,  the  effects  are  pro- 
duced only  on  the  opening  or  the  closing 
of  the  circuit. 

During  the  normal  and  healthy  life  of 
an  animal,  an  electric  current  is  con- 
stantly flowing  through  its  nerves  and 
muscles. 

In  some  cases  as  in  the  electric  ray  or 
torpedo,  the  amount  of  electricity  pro- 
duced is  so  great  that  the  animal  can 
employ  it  as  a  means  for  defense  against 
its  enemies  by  giving  serious  shocks  to 
any  animal  that  comes  in  contact  with 
its  body. 

That  electric  currents  are  constantly 
passing  through  the  nerves  can  be  shown 
as  follows :  If  the  terminals  of  a  gal- 
vanometer are  connected  with  two  parts 
of  a  nerve,  the  needle  will  be  deflected. 
If,  now,  an  electric  source  is  so  con- 
nected to  one  part  of  a  nerve  that  the 
current  passes  in  the  same  direction  as 
the  normal  nerve  current,  the  latter  cur- 
rent is  increased  in  strength.  It  can  be 
shown  that  this  increase  occurs  without 
any  of  the  battery  or  extraneous  cur- 
rent being  permitted  to  enter  the  gal- 
vanometer circuit  along  with  the  nerve 
current. 

The  alteration  in  the  natural  electro- 
motive force  of  a  nerve  by  the  passage 
of  an  extraneous  current  through  it  is 
called  elect  rot  onus  and  is  most  intense 
near  the  extraneous  or  exciting  current. 
This  change  in  sensibility  continues  as 
long  as  the  exciting  current  is  passing 
and  results  in  important  changes  in  the 
excitability  of  the  nerve,  or  in  the  readi- 
ness with  which  it  is  thrown   into  tunc- 
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tional   activity    by   the   application   of    a 
current. 

The  alteration  in  the  sensitiveness  of 
a  nerve,  or  in  its  condition  close  to  the 
anode  or  positive  terminal,  is  called  the 
anelectronus,  while  that  near  the  nega- 
tive terminals,  is  called  the  cathelec- 
tronus.  Since  the  excitability  of  a  nerve 
near  the  anode  is  decreased,  it  is  neces- 
sary to  apply  a  stronger  stimulant  in 
this  part  in  order  to  obtain  a  muscular 
contraction.     In  the  same  way  near  the 


coating  of  a  Ley  den  jar,  and  the  right 
hand  of  the  experimentor,  who  held  the 
flask,  the  outer  coating.  When  the  ex- 
perimentor endeavored  to  remove  the 
flask  from  the  machine,  he  necessarily 
touched  the  inner  and  outer  coatings  of 
the  jar  simultaneously,  and,  therefore, 
received  the  discharge  through  his  body 
from  one  hand  to  the  other. 

^  unexpected  and  severe  character 
of  the  shock,  as  wejl  as  the  violent  mus- 
cular   contraction-'  accompanying  it,  at- 


FIG.    74.     THE    FIRST   LEYDEN    JAR. 


cathode  region,  where  the  excitability  of 
a  nerve  is  increased,  a  strong  contrac- 
tion is  obtained  by  a  comparatively  weak 
current. 

The  first  case  on  record  of  physio- 
logical effects  produced  by  Leyden  jar 
discharges  is  that  of  Von  Kleist  in  1746, 
when  the  Leyden  jar  was  discovered.  It 
appears  Von  Kleist  was  endeavoring  to 
fill  a  bottle  with  electricity,  when  he  ac- 
cidentally constructed  a  small  Leyden 
jar. 

As  illustrated  in  Fig.  74,  the  first 
Leyden  jar  consisted  of  a  glass  flask 
partly  filled  with  water  and  so  held  in 
one  hand  of  the  experimenter  that  a  bent 
metallic  wire  suspended  from  a  bar  of 
iron  that  formed  the  conductor  of  the 
frictional  electrical  machine  dipped  into 
the  water.  Under  these  circumstances, 
the  water  in  the  flask  formed  the  inner 


tracted  the  attention  of  the  curious,  so 
that  the  experiment  was  repeated  in  var- 
ious parts  of  the  world. 

The  discharge  of  a  Leyden  jar  is 
readily  passed  through  the  body  by  hold- 
ing the  jar  in  one  hand,  say  by  the  outer 
coating,  and  touching  a  finger  of  the 
other  hand  to  the  knob  connected  to  the 
inner  coating.  When  the  jar  is  small, 
the  shock  is  felt  in  the  elbow ;  when 
larger,  say  a  quart  jar,  the  discharge 
may  be  felt  across  the  chest ;  with  a  bat- 
tery of  large  jars,  it  may  be  felt  in  the 
stomach. 

The  discharge  of  a  Leyden  jar  can  be 
sent  through  a  long  chain  of  people  who 
are  holding  on  to  one  another's  hands. 
In  this  way  the  Abbe  Nollet,  of  France, 
sent  a  discharge  through  a  chain  of  600 
people  in  his  convent.  At  another  time 
he  sent  a  discharge  from  a  large  Leyden 
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jar  through  a  regiment  of  1,500  men.  In 
these  experiments  the  people  near  the 
middle  of  the  chain  were  as  much  af- 
fected as  those  near  the  ends. 

The  shock  caused  by  the  discharge  of 
large  Leyden  jars  may  cause  death.  Von 
Marum  found  that  eels  were  almost  in- 
stantly killed  by  comparatively  small 
Leyden  jar  discharges.  When  the  glass 
employed  in  the  jar  is  of  ordinary  thick- 
ness the  discharge  of  a  jar  coirtii  ig 
a  coated  surface  of  seven  square  feet  in- 
stantly kills  a  rat,  while  a  battery  of  4^ 
square  yards  will  kill  a  cat. 

A  lightning  flash  does  not  essentially 
differ  from  the  discharge  of  a  Leyden 
jar,  for  a  lightning  flash  consists  of  a 
discharge  between  a  neighboring  cloud 
and  the  earth  that  forms  the  two  coat- 
ings of  a  jar.  As  is  unfortunately  too 
well  known,  the  passage  of  a  compara- 
tively feeble  lightning  flash  through  the 
human  body  will  cause  death. 

Death  by  lightning  flashes  appears  to 
be  instantaneous.  In  cases  where  the 
death  has  only  been  apparent,  the  one 
receiving  the  discharge  had  no  memory 
whatever  of  ever  having  been  shocked. 
In  cases  where  death  has  been  real,  the 
bodies  generally  retain  the  positions  they 
occupied  before  death.  An  instance  of 
this  character  is  cited  in  France  where 
a  number  of  harvesters,  who  had  sought 
refuge  from  an  approaching  thunder- 
storm under  a  tree,  were  killed  by  a 
lightning  flash  while  they  were  eating 
lunch.  So  instantaneous  was  their  death 
that  the  bodies  remained  so  exactly  in 
the  positions  assumed  during  life,  that 
some  little  time  elapsed  after  the  storm 
was  over,  before  it  was  discovered  that 
the  people  had  been  killed. 

The  physiological  effects  produced  by 
alternating  currents  depend  on  their  fre- 
quency, the  severity  increasing  up  to  a 
certain  extent  with  the  increase  in  fre- 
quency. It  is  a  curious  fact,  however, 
as  has  been  observed  by  Elihu  Thom- 
son, Nicola  Tesla  and  others,  that  when 
the  frequency  of  the  discharge  exceeds 
certain  limits,  the  severity  of  the  physio- 
logical effects  decrease  and  finally  dis- 
appear. The  alternating  currents  em- 
ployed commercially,  with  frequencies 
up  to  1,000  cycles  per  second,  may  pro- 
duce instant  death,  under  pressures  of 
but   a   thousand    volts   or   less.      When, 


however,  the  frequencies  are  greatly  in- 
creased, it  is  possible  to  send  the  dis- 
charges through  the  body  without  any 
serious  effects,  although  the  electromo- 
tive forces  may  be  as  high  as  several 
hundred  thousand  volts.  On  the  con- 
trary, high-frequency  alternating  dis- 
charges may  produce  highly  beneficial 
effects  on  the  human  system  and  are 
now  extensively  employed  in  electro- 
therapeutics. 

Attention  has  been  called  in  a  pre- 
vious article  to  the  fact  that  in  electric 
osmose  the  passage  of  a  discharge 
through  the  capillary  pores  in  the  walls 
of  a  diaphragm  may  be  accompanied  by 
a  movement  of  the  liquid  in  the  direc- 
tion in  which  the  electricity  is  passing. 
Advantage  has  been  taken  of  this  fact 
for  the  introduction  of  such  substances 
as  iodine,  cocaine,  quinine,  etc.,  through 
the  skin  to  the  interior  organs  of  the 
body.  It  is  only  necessary  to  place  the 
medicinal  substance  in  a  liquid  condition 
on  a  moistened  electrode.  On  the  pas- 
sage of  the  current  the  liquid  is  car- 
ried through  the  skin  and  in  this  way 
may  reach  some  distant  part  of  the  body. 
Since  electric  osmose  is  sometimes  called 
cataphoresis,  this  process  is  generally 
known  as  cataphoretic  medication. 

In  the  electrotherapeutic  application 
of  electricity  the  current  is  led  into  and 
out  of  the  body  by  means  of  terminals 
or  electrodes,  consisting  generally  of 
polished  metals  shaped  so  as  to  be  read- 
ily applied  to  different  parts  of  the  body. 
These  electrodes  are  called  electrothera- 
peutic electrodes.  When  the  electric 
pressure  is  comparatively  small,  as  when 
voltaic  batteries  are  employed,  in  order 
to  decrease  the  resistance  offered  by  the 
skin  the  surfaces  of  the  electrode  are 
covered  with  absorbent  cotton,  or  with 
cotton  or  linen  fabrics  moistened  with 
salt  water.  Moistened  sponges  are 
sometimes  placed  over  metallic  elec- 
trodes for  similar  purposes.  Owing  to 
their  higher  electromotive  forces,  the 
discharges  of  Leyden  jars  or  induction 
coils  can  be  applied  directly  to  the  sur- 
faces of  the  skin. 

It  is  sometimes  necessary  to  introduce 
electrotherapeutic  electrodes  into  the 
different  cavities  of  the  human  body.  In 
this   case   they   are   formed   of   polished 
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metals,  so  shaped  as  to  be  readily  intro- 
duced. 

The  most  curious  fact  concerning  the 
physiological  action  of  electric  currents 
is  that  the  contractions  may  continue 
after  death,  provided  too  long  a  time  has 
not  elapsed. 

In  a  similar  manner  the  hind  legs  of  a 
frog  that  have  been  separated  from  the 
body  shortly  after  death  are  thrown  into 
violent  contractions  on  the  passage  of  an 
electric  discharge  from  the  nerves  to  the 
muscles.  This  experiment,  first  made  by 
Galvani,  in  1780,  led  to  the  discovery  by 
Volta,  of  a  new  electric  source  that  is 
named  after  its  inventor,  the  voltaic  cell. 

The  frog's  legs  employed  in  the  above 
experiment  were  prepared  as  shown  in 
Fig.  75.  The  lumbar  nerves,  on  each 
side  of  the  vertebral  column,  are  ex- 
posed   in    the    shape   of   white    threads. 


FIG.  75.  GALVANI' S   FROG  EXPERIMENT. 


When  metallic  conductors  (Z),  (C), 
consisting  respectively  of  zinc  and  cop- 
per wires,  are  held  as  shown,  with  one 
set  of  ends  together  in  one  of  the  hands, 
while  the  free  ends  are  brought  into  con- 
tact with  the  nerves,  at  each  contact  a 
sudden  convulsive  movement  of  the  legs 
occurs. 

But  this  ability  of  being  affected  by  an 
electric  current  is  not  limited  to  the  legs 
of  a  frog.  Any  of  the  muscles  of  a  re- 
cently killed  man  or  other  animal  can 
also  be  made  to  move  as  in  life  by  the 
passage  of  electric  discharges.  This  can 
be  shown  by  the  following  experiment 
made  by  Aldini,   a  nephew  of  Galvani. 


The  lumbar  nerves  of  the  hinds  legs  of 
a  recently  killed  frog  were  brought,  as 
shown  in  Fig.  j6,  into  contact  with  the 
head  of  a  recently  slain  ox,  through  its 
tongue.  An  electric  circuit  was  estab- 
lished between  the  frog's  legs  and  the 
ox  by  the  experimentor  grasping  the 
legs  of  the  frog  in  one  hand  and  one  ear 
of  the  ox  in  the  other  hand.  Under 
these  circumstances,  the  current  pro- 
duced  in   the   head   of   the   ox,   passing 


FIG.    76.     EARLY      EXPERIMENT      IN 
PHYSIOLOGICAL   ACTION    OF 
ELECTRICITY. 


THE 


through  the  legs  of  a  frog  set  up  con- 
vulsive motions  in  them. 

(To  Be  Continued.) 


UNDERGROUND  HIGH-VOLTAGE    WIRES. 

It  is  only  in  comparatively  recent 
years  that  engineers  have  deemed  it  safe 
to  carry  electric  currents  of  high  poten- 
tial or  voltage  in  underground  cables 
buried  under  the  streets  of  cities.  But 
nowadays  systems  of  9,000,  11,000,  13,- 
200  or  even  20,000  volts  are  employed 
with  entire  reliability  and  safety.  It  is 
said  that  when  local  and  commercial 
conditions  justify,  pressure  as  high  as 
25,000  volts  can  be  used  satisfactorily 
underground,  even  for  systems  aggre- 
gating 100  miles  of  cable.  But  no  sin- 
gle line  of  such  a  system  should  be 
longer  than  about  20  miles.  On  com- 
paratively short  lengths  underground 
or  under  water,  as  a  part  of  a  long  over- 
head transmission  line,  cables  operating 
at  40,000  volts  may  be  used. 


A  chain  of  250  stores  throughout  the 
country  will  soon  be  lighted  with  the 
new  tungsten  lamps.  It  will  take  25,000 
lamps  to  illuminate  the  interiors  of  these 
places  of  business. 
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LARGEST  MEAT  CUTTER  IN  THE  WORLD. 

It  is  interesting  to  note  that  a  meat 
cutter,  which  is  claimed  to  be  the  largest 
ever  made,  has  been  recently  changed 
from  steam  equipment  to  direct  connect- 
ed motor  drive,  because  of  the  delays 
formerly  experienced  in  getting  up 
steam,  which  materially  reduced  the  out- 
put of  the  grinder.  The  meat  cutter  in 
question    has    a    43-inch    bowl    and    six 


tendance  of  an  engineer,  as  well  as  the 
greater  convenience  when  motor  driven. 
The  direct  connection  of  the  motor  to 
the  cutter  eliminates  belts,  shafting,  pul- 
leys, etc.,  and  effects  a  substantial  sav- 
ing in  wear  and  tear. 


TO  DETERMINE  THE  KIND  OF  CURRENT. 

At  times    it    is    necessary    to    know 
whether  the  current  in  a  circuit  is  alter- 


LARGEST   MEAT   CUTTER  IN    THE   WORLD. 


knives,  each  of  which  has  a  cutting  edge 
18  inches  long.  The  power  is  supplied 
by  a  20-horsepower  motor. 

In  the  factory  where  this  outfit  is  in- 
stalled the  capacity  is  25,000  pounds  of 
sausage  a  day.  This  cutter  can  handle 
the  entire  output  if  desired,  as  it  has  a 
capacity  of  250  pounds  in  five  minutes. 

One  of  the  main  reasons  for  the 
change  from  steam  to  motor  drive 
was   the   saving  in   the   expense   for  at- 


nating  or  direct,  and  as  the  generator 
may  be  miles  away  at  the  other  end  of 
the  line  an  easy  method  of  determining 
this  on  the  spot  is  desirable.  A  reader 
of  Popular  Electricity  suggests  the  fol- 
lowing method :  Hold  a  small  magnet 
near  an  incandescent  lamp  burning  on 
the  circuit.  If  the  current  is  alternating 
the  filament  will  vibrate.  If  it  is  direct 
the  filament  will  bend  slightly  toward 
the  mag-net  but  will  not  vibrate 


HOW  IT  MIGHT  HAPPEN, 


Below  are  reproduced  several  more  of  the  series  of  newspaper  advertisements  being  used 
by  Stone  &  "Webster  in  the  various  cities  in  which  their  electric  lines  are  operated.  Part  of 
this  series  appeared  in  the  February  issue  of  Popular  Electricity.  These  pictures  and  the  little 
"talks"  under  them  set  forth  graphically  the  dangers  which  result  from  pure  carelessness  on 
the  part  of  street  car  patrons  and  others.  It  is  safe  to  say  that  if  this  carelessness,  to  which  we 
are  all   more   or  less  prone,    could   be   eradicated   street  car  accidents  would  be  almost  unknown. 


Lots  of  persons  who  cannot  get  a  car  wrille  It  Is  standing  still  will 
run  after  It  and  try  to  get  on.  or  "jump  It"  In  the  middle  of  the  block. 
What  do  you  get  for  It?    What  may  it  cost? 

The  man  who  wrote  this  advertisement  "  Jumped  "  electric  cars  for 
several  years  before  he  got  his  fall.  LUCK  kept  him  from  under  the 
wheels.  The  conductor  called  him  several  names  and  it  did  him  a  lot  of 
good.  He  picked  himself  out  of  the  dirt  and  asked  the  conductor  why  in 
.the  name  of  safety  he  had   not  called  him  those  names  BEFORE  It  hap- 


It  may  happen  tomorrow     Call 


There  was  room  Inside  the  car-  even  on  the  platform -but  these 
two  men  wanted  to  ride  on  the  steps.  It  was  risky  for  them  to  ride  on  the 
steps,  anyway. 

But  some  one  wanted  to  get  off  and  in  the  narrow  space,  without  a 
chance  to  reach  for  the  hand  rails,  this  some  one  tripped  forward  and  was 
hurt.    It  might  happen  exactly  that  way. 

The  steps  are  put  on  a  car  so  that  people  can  get  on  or  off  When  you 
stand  on  the  steps  you  cause  the  Company  some  ANXIETY.  But  you  cause 
the  other  passengers  DISCOMFORT  and  DANGER.  Suppose  you  are  one 
of  the  dther  passengers  ?  Then  be  cautious-  wait  till  the  -way  is  clear,  so 
that  you  can  get  off  without  a  CONTORTION.  Make  it  INCONVENIENT  for 
the  persons  who  Insist  upon  riding  on  the  steps. 
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A  man  who  has  lost  his  left  hand  by  letting  it 
hang  out  a  car  window  always  is  careful  to  keep  his 
right  hand  inside.  Unfortunately  he  only  has  one 
HEAD.  A  wise  head  was  never  broken  while  it  was 
thrust  out  a  car  window. 

Some  persons  never  can  be  convinced  that  a 
wagon,  or  fire  engine,  or  some  moving  or  stationary 
object  is  sure  to  appear  sooner  or  later  and  spoil  the 
view. 

At  least  tell  the  children  to  keep  their  heads  and 
arms  inside.    MAKE  them  do  it. 


This  accident  happens  often  in  this  country. 

If  you  are  driving  a  vehicle  do  not  forget  that  our  cars  are  running  on 
tracks.  Our  motormen  cannot  turn  aside.  Look  behind  you  before  you  run 
your  vehicle  sharply  across  our  rails.  Otherwise  it  will  be  your  own  fault 
that  you  are  broken  and  torn. 

If  you  are  not  driving  yourself,  tell  your  employee  this.  Caution  him  to 
look  back.  Perhaps  some  day  your  coachman  or  your  driver  of  truck  or 
delivery  wagon  will  turn  his  vehicle  so  quickly 'across  our  tracks  that  no 
motorman  could  stop  in  time.    Crash  1 
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When  an  electric  car  stops  some  one  usually  gets 
off. 

If  you  are  driving  a  vehicle  In  the  same  direction 
that  the  car  has  been  going  and  you  are  near  the  car, 
remember  that  the  car  has  not  stopped  to  let  the  pas- 
sengers see  the  view. 

Some  one  will  probably  GET  OFF. 

Slow  down !  NOT  after  you  have  run  over  one  of 
our  passenger's  who  is  alighting,  but  BEFORE. 


The  campaign  that  this  company  is  making  for 
the  prevention  of  accidents  can  be  assisted  in  no 
greater  measure  than  by  the  warnings  that  parents 
and  teachers  give  to  the  children  against  "stealing 
rides." 

The  accident  Illustrated  here  would  not  happen  If 
you  would  warn  the  children — if  you  could  prevent 
them  from  courting  DANGER  by  jumping  on  our 
cars.    They  do  it  for  fun — OR  DEATH. 

The  conductor  is  the  man  who  knows.  You  will 
not  find  HIS  children  "stealing  rides." 
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MAILING  MACHINE. 

A  labor  and  time  saving  device  which 
finds  a  wide  application  in  business 
houses,  in  handling  the  outgoing  mail,  is 
the  electrically  driven  envelope  sealer, 
stamper  and  counter.  The  machine  will 
readily  perform  its  various  operations 
on  150  letters  per  minute,  and  may  be 
speeded  up  to  turn  out  considerably 
more  when  required. 

The  letters  in  bunches  are  held 
against  an  automatic  feed  which  permits 
only  one  envelope  at  a  time  to  pass  its 
flap  over  a  metal  disk  which  revolves  in 
water.  As  the  envelope  advances  the 
stamps  are  fed  forward,  cut  off,  moist- 
ened and  rolled  upon  the  passing  letter. 
After  the  envelope  flap  is  moistened  and 
the  stamp  simultaneously  attached,  the 
letter  passes  between  a  series  of  rolls  un- 
der pressure,  and  then  emerges  and  is 
automatically  stacked.  A  counter  records 


MAILING  MACHINE. 

each  stamp  as  it  passes  upon  the  en- 
velope, and  thus  furnishes  a  check  upon 
the  amount  spent  for  postage.  More- 
over, the  stamps  cannot  be  removed 
from  the  machine  except  by  the  clerk  to 
whom  the  key  is  entrusted. 


The  source  of  power  being  furnished 
by  an  electric  motor,  no  labor  is  involved 
in  the  operation  of  the  machine  except 
the  feeding  of  the  letters  in  bunches. 
The  motor  is  attached  by  a  flexible  lamp 
cord  to  an  ordinary  electric  lighting 
socket,  and  to  start  the  machine  it  is 
only  necessary  to  turn  the  switch.  A 
}/£ -horsepower  motor  will  do  the  work, 
so  that  the  charge  for  current  is  negli- 
gible. 


ELECTRIC  WATER  STILL. 

One  of  the  latest  applications  of  elec- 
tric current  in  the  laboratory  is  the  water 
still.  This  device  has  a  capacity  of  one 
gallon  of   distilled  water  per  hour  and 


ELECTRIC  WATER  STILL. 

operates   on    no   or    220-volt    direct    or 
alternating  current. 

The  device  consists  of  a  resistance  ele- 
ment, superimposed  on  which  is  a  very 
shallow  retort  properly  insulated,  so  as 
to  use  up  all  the  heat  energy  obtainable. 
The  dome  and  the  inside  of  the  retort 
throughout  are  block  tin  lined.  Sur- 
rounding the  retort  is  a  condensing 
trough  into  which  cold  water  is  allowed 
to  run.  The  condensing  tube  leading 
from  the  retort  is  immersed  in  this 
trough,  and  has  sufficient  fall  to  deliver 
the  distilled  water  rapidly.  The  water 
supply  is  allowed  to  come  in  at  the  bot- 
tom of  the  trough,  and  absorbs  the  heat 
from  the  condensing  tube ;  the  upper 
layer  of  water,  therefore,  being  warm. 
is  utilized  for  filling  the  retort,  the  ex- 
cess being  allowed  to  go  to  waste.  In 
this  manner  the  water  is  pro-heated,  and 
98  per  cent  of  energy  of  the  still  is 
utilized. 


ANNEALING     AND     TEMPERING     BY     ELECTRIC 

FURNACE. 


Best  results  in  annealing  and  temper- 
ing can  only  be  obtained  by  constant 
temperature  in  the  furnace.  Tempera- 
ture requirements  also  vary  and  it  is 
therefore  essential  that  the  heat  be  eas- 
ily regulated.  The  large  area  exposed 
to  the  air  by  gas  or  coal  furnaces  per- 
mits rapid  radiation  of  heat  and  conse- 


FIG. 


ELECTRIC    FURNACE    AND    TRANSFORMER 


quently  poor  regulation,  but  the  applica- 
tion of  electricity  has  solved  this  prob- 
lem. 

In  the  type  of  electric  furnace  illus- 
trated, which  operates  on  alternating 
current,  metallic  salts  are  reduced  to  a 
liquid  state  by  the  heating  effect  of  the 
current.  When  the  salts  reach  a  liquid 
condition  the  temperature  can  easily  be 
regulated  by  varying  the  amount  of  cur- 
rent   passing    through    the    bath.     Any 


temperature   from  250  to   I350°C.  may 
be  obtained. 

As  shown  in  Fig.  1  the  outfit  consists 
of  a  furnace  at  the  left,  with  hood  sus- 
pended above;  a  regulating  transformer 
in  the  middle,  and  a  switch-board  with 
current  measuring  instruments  at  the 
right.  The  regulating  switch  on  the 
transformer  is  for 
varying  the  amount  of 
current  to  the  furnace. 
Fig.  2  is  a  sectional 
view  of  the  furnace. 
A  fire  clay  crucible  is 
surrounded  by  insulat- 
ing material,  such  as 
asbestos,  and  rests  on  a 
fire  clay  box,  all  in- 
closed in  the  middle. 
Suitable  electrodes  en- 
ter opposite  sides  of  the 
crucible  and  are  con- 
nected by  heavy  leads 
one  to  each  terminal  of 
the  low  voltage  side  of 
the  transformer,  the 
function  of  the  trans- 
former being  to  take 
the  ordinary  lighting 
or  power  current  and 
reduce  its  voltage  to 
the  proper  amount  to 
operate  the  furnace. 

After  the  bath  has 
reached  its  proper 
temperature,  that  por- 
tion of  the  material  to 
be  hardened  is  placed 
entirely  in  the  liquid 
bath,  and  is  allowed  to 
remain  there  until  it  at- 
tains the  same  color  as 
the  bath,  when  it  is  removed  and  tem- 
pered in  water  or  oil  as  the  case  may  be. 
The  bath  for  hardening  or  annealing 
completely  fills  the  crucible,  and  may 
consist  of  equal  portions  of  barium  and 
potassium  chloride.  The  ultimate  tem- 
perature depends  on  the  relative  propor- 
tions of  the  two  chlorides,  the  higher 
the  percentage  of  barium  chloride,  the 
higher  the  temperature  may  be  carried. 
In  addition  to  hardening,  the  furnace 
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CROSS    SECTION    OF    ELRCTRIC 
FURNACE. 


may  be  used  for  softening  tempered 
steel,  the  bath  being  maintained  at  a 
temperature  of  about  25o°C.  for  this 
work. 


LONG  TRANSMISSION   LINE    FOR    SMALL 
POWER. 

The  Famatina  Development  Corpora- 
tion, which  is  interested  in  the  develop- 
ment of  copper  mines  near  Chilecite,  Ar- 
gentine, is  installing  a  hydro-electric 
plant  and  transmission  line  to  carry  the 
power  20  miles  away  to  the  mines.  This 
installation  is  interesting  from  the  fact 
that  only  100  horsepower,  and  ultimately 
twice  this  amount,  are  to  be  transmitted 
over  such  a  comparatively  long  line.  The 
expensive  line  was  made  necessary  by 
the  scarcity  of  fuel  in  that  region. 


To  operate  the  sponge  plater  connect 
the  positive  terminal  of  the  battery  or 
generator  to  the  terminal  at  the  bulb 
end  and  the  negative  to  the  article  to  be 
plated.  Slightly  compress  the  bulb,  dip 
the  sponge  into  the  solution  and  draw 
enough   up   into  the  tube  to   partly  im- 
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ELECTROPLATING  WITHOUT  IMMERSION. 

It  is  sometimes  desirable  to  electro- 
plate a  part  only  of  some  object,  or  the 
character  of  the  object  is  such  that  it  is 
impracticable  to  immerse  it  in  the  solu- 
tion. The  "sponge  plater"  makes  this 
work  easy  of  accomplishment  and  the 
result  is  very  satisfactory. 

The  device  consists  of  a  split  anode 
holder  in  a  glass  tube,  a  sponge  being 
inserted  in  the  open  end  of  the  tube  and 
the  other  end  of  the  tube  bearing  a  rub- 
ber bulb  with  which  to  produce  suction 
in  the  tube. 


ELECTROPLATING     DEVICE. 

merse  the  anode.      Now   if  the   sponge 

is  applied  to  the  article  to  be  plated,  de- 
posit will  immediately  take  place.  The 
sponge  is  kept  saturated  with  solution 
while  in  use.  by  slight  compression  of 
the  bulb. 

Anyone  who  can  plate  in  the  regular 
way  can  use  the  sponge  plater  and  the 
usual  plating  solutions  are  employed. 


ELECTRIC  LIGHT  IN  A  CITY'S  UPBUILDING. 


BY  JOHN  M.  CONNELLY. 

That  Denver  has  become  widely  known  as  "The  City  of  Lights"  is  the  result  of  strictly 
educational  methods  employed  by  the  local  lighting  company  through  advertising  and  solici- 
tation. The  people  of  Denver  take  just  pride  in  this  name  which  has  been  applied  to  their 
city,  and  instead  of  a  feeling  of  hostility  toward  the  lighting  company,  which  was  once  prev- 
alent, enthusiasm  is  now  the  rule,  over  any  movement  that  purposes  the  intelligent  unfold- 
ing of  the  advantages  of  electricity.  The  story  of  this  "change  of  heart"  is  an  interesting 
one. — Editorial  Note. 


Not  so  many  years  back  it  took  a  good 
deal  of  courage  and  indifference  to  ridi- 
cule, to  seriously  contend  that  electric 
light  used  liberally  by  the  business  men 
and  government  of  a  fair-sized  munici- 
pality, could  be  made  to  play  a  promi- 
nent part  in  its  upbuilding.  The  electric 
sign  was  here,  but  there  were  few  who 
thought  its  influence  extended  much  be- 
yond the  limits  of  its 
aggregate  candle- 
power,  and  fewer 
still  who  cared  to 
bare  their  convic- 
tions on  the  ef- 
ficiency of  an  adver- 
tising medium  not 
yet  thoroughly 
tested. 

One  of  the  best 
all-around  tests  ever 
given  electric  light 
to  prove  its  many- 
sided  value  for  ad- 
vertising, had  its  in- 
ception and  setting 
in  Denver  less  than 
a  decade  ago.  A 
young  man  given  to 
the  scientific  world 
by  the  state  that  has 
supplied  the  coun- 
try with  so  many 
presidents,  went  to 
Denver  to  rehabilitate  the  decay- 
ing affairs  of  a  broken-down  light 
company  thoroughly  despised  and  cor- 
dially cursed  by  an  irritated  public  and 
hostile  press.  It  was  an  Herculean  task 
to  face,  and  to  meet  it  successfully  re- 
quired a  great  intellect.  To  turn  the 
flank  of  an  overwhelming  public  preju- 
dice is  a  strategical  feat  not  easily  or 
often  accomplished,  but  Henry  L.  Do- 
herty,  the  youthful  president  of  the  re- 
organized Denver  Gas  and  Electric  Com- 


cian  by  saving  a  serious  situation.  He 
is  endowed  with  that  rare  power  of 
"spotting"  the  psychological  moment 
with  clock-like  precision,  and  has  a 
secret  service  instinct  when  it  comes  to 
penetrating  any  disguise  in  which  oppor- 
tunity may  masquerade. 

Just  about  this  time  Denver  was  be- 
ginning to  poke  her  head  above  the  ruins 
of  the '93  panic.  The 
spirit  that  raised  a 
great  city  on  the 
plains  at  the  foot  of 
the  Rockies  gave 
signs  of  life  and  the 
chaos  created  by  the 
blow  of  hard  times 
was  lifting.  Back 
came  the  fervency  of 
the  old  enthusiasm 
born  of  the  knowl- 
edge that  Denver  is 
the  heart  of  an  em- 
pire stored  with  in- 
exhaustible wealth, 
and  the  timidity  of  a 
panic-stricken  peo- 
ple vanished  before 
a  lusty  movement  to 
boost  the  advan- 
tages of  the  city  and 
state. 

Mr.  Doherty  dis- 
cerned in  this-  awak- 
ening his  opportunity  and  he  was  quick 
to  strike  with  a  "great  idea"  at  the  psy- 
chological moment.  Given  the  mark  to 
shoot  at  and  what  you  want  the  shot  to 
do,  you  need  the  right  kind  of  ammuni- 
tion and  the  proper  brand  of  firing  piece. 
At  this  time  a  controversy  was  sizzling 
with  reference  to  restrictions  on  the 
hanging  of  electric  signs  and  Mr.  Do- 
herty used  a  letter  on  this  subject  to  the 
city  authorities  as  a  13-inch  gun  to  fire 
his  "great  idea."  It  is  entirely  original 
pany,  displayed  his  abilities  as  a  tacti-      in   corporation   annals   and  has   reached 
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the  stature  of  a  classic  in  the  electrical 
world.    Here  is  the  gist  of  it : 

"The  whole  West  stands  for  progress 
and  originality.  Denver  is  the  most  pro- 
gressive city  of  the  West  and  is  the  best 
known.  The  whole  country  is  interest- 
ed in  Denver,  for  we  have  given  health 
back  to  people  from  every  state.  Den- 
ver's population  is  made  up  from  every 
state  in  the  Union,  and  these  people  are 
in  active  touch  with  the  people  of  their 
old  homes.  Let  them  have  something 
distinctive  about  which  to  boast  of  Den- 
ver's progressiveness,  and  we  will  at- 
tract people  here  to  invest  in  Denver's 
industries  and  real  estate,  because  we  are 
known  as  enterprising  people.  Denver's 
motto,  'Forward,'  would  be  merely  a 
pitiful  joke,  if  some  people's  views  were 
general.  Does  Denver  live  up  to  her 
motto?  The  motto  is  an  ambitious  one. 
It  means  progress,  and  progress  does  not 
spring  from  inaction.  This  company  by 
its  work  can  make  Denver  known  as  the 
'City  of  Lights.'  We  can  help  make 
Denver's  motto  truly  fit. 

"When  the  promoters  of  the  Pan- 
American  Exposition  wanted  to  attract 
the  attention  of  the  whole  world,  they 
did  not  depend  upon  parks  and  boule- 
vards. They  used  lights  and  lights,  and 
lots  of  them.  They  had  to  spend  mil- 
lions for  buildings  and  ground  improve- 
ments, but  the  few  dollars  spent  on  light- 
ing were  what  made  the  tongues  of  the 
whole  world  wag.  We  have  put  more 
lights  on  Denver's  streets  in  the  past 
three  years  than  the  entire  number  of 
lights  on  the  electric  tower  at  the  Pan- 
American  Exposition. 

"What  display  lighting  does  for  ex- 
positions, it  will  do  for  Denver.  If  you 
can  attract  visitors  to  these  international 
expositions  and  make  the  whole  world 
advertise  them  by  the  liberal  use  of  light- 
ing, you  can  do  the  same  thing  for  Den- 
ver. These  expositions  pay  many  thou- 
sands of  dollars  for  this  lighting.  Den- 
ver as  a  city  is  not  asked  to  pay  any- 
thing. Her  merchants  are  perfectly 
willing  to  do  this.  Liberality  in  electric 
sign  regulations  is  necessary. 

"There  are  some  people  who  do  not 
want  to  progress,  who  have  not  enough 
civic  pride  to  want  to  see  their  own  city 
go  ahead.  They  are  holding  back  for 
fear  of  spending  a  few  dollars.     They 


see  their  neighbor  go  ahead  and  they  at 
once  have  a  protest  to  make.  The  atti- 
tude of  these  people  is  diametrically  op- 
posed to  the  sentiment  of  Denver's 
motto. 

"There  is  another  class  that  does  not 
know  what  progress  means.  The  atmos- 
phere of  their  minds  is  ethereal  and  they 
have  learned  none  of  the  lessons  of 
building  up  industries  and  commerce. 
They  are  commercially  anemic.  I  may 
not  be  entirely  able  to  divorce  myself 
from  a  prejudicial  viewpoint.  I  am  a 
believer  in  light,  the  same  as  the  pro- 
moters of  expositions,  and  for  the  same 
reasons.  They  may  be  radical  and  may 
not  have  the  true  sense  of  art,  but  they 
are  builders  and  their  work  is  synony- 
mous with  Denver's  motto.  I  have  tried 
to  be  unprejudiced  and  I  have  tried 
to  look  at  the  question  from  a  citizen's 
viewpoint.  I  am  forced  to  look  at  it  at 
times  from  the  viewpoint  of  a  respon- 
sible representative  of  a  large  public  in- 
dustry, whose  future  depends  almost  en- 
tirely on  the  future  prosperity  of  this 
city. 

"I  have  also  said  to  myself.  'What 
would  I  do  if  I  were  mayor  of  Denver?' 
And  my  best  judgment  has  answered : 
Tf  I  were  mayor  of  Denver  I  would  say, 
I  want  to  make  Denver  the  best  lighted 
city  in  the  world.'  If  light  can  make 
expositions  attractive ;  if  it  can  draw 
people  from  all  over  the  world ;  if  it  can 
make  people  wonder  and  can  make  the 
tongues  of  the  world  wag;  then  'me  for 
light'  and  lots  of  it.  When  Mr.  Out-of- 
date  and  Mrs.  Artistic  Newlyrich  pro- 
test, I  would  say  that  Denver  is  a  com- 
mercial center;  it  is  the  'Queen  City  of 
the  Plains';  its  motto. is  'Forward.'  and 
we  are  going  to  live  up  to  our  motto.  If 
Denver  can  be  made  the  talk  of  the 
country  by  the  development  of  display 
lighting,  then  me  for  light." 

The  sentiment  expressed  by  Mr.  Do- 
herty  was  echoed  by  the  Denver  Post  in 
the  following  editorial :  "What  was  the 
deepest  impression  everybody  brought 
from  the  World's  Fair  at  St.  Louis?  The 
illumination!'  Let  all  answer,  who  visit- 
ed the  great  exposition:  'What  does 
your  pleasantest  memory  recall,  above 
everything  else  beautiful  and  impres- 
sive?'   The  lights! 
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"The  lesson  is  invincible.  Denver  is 
already  known  as  the  'City  of  Sunshine.' 
And  it  can  be  made  world  famous  as  the 
'City  of  Lights/  by  encouraging  private 
electrical  illumination.  The  electric  sign 
represents  a  tremendous  opportunity  for 
Denver. 

"Of  course,  the  object  of  the  electric 
light  company  is  selfish,  but  it  is  the  kind 
of  selfishness  we  want  more  of.  Civic 
pride  and  municipal  progress  are  based 
upon  reaping  material  advantage,  just  as 
the  merchant,  who  invests  in  a  beautiful 
electric  sign,  does  so  to  advertise  his 
business,  but,  while  advertising  his 
goods,  helps  to  make  the  city  attractive." 

And  then  sounded  the  slogan,  "Boost 
for  the  City  of  Light,"  and  a  wave  of 
public  opinion  of  resistless  force  swept 
aside  all  opposition  to  lavish  illumina- 
tion. Famed  before  as  a  city  of  sun- 
shine, Denver  now  made  a  marked  im- 
pression on  account  of  its  picturesque 
private  and  public  lighting.  It  now  feels 
that  its  claim  to  the  title  of  the  "City  of 
Lights"  is  indisputable,  and  its  citizens 
are  convinced  that  all  the  title  implies 
has  been  a  wonderful  force  in  the  up- 
building of  the  new  Denver. 

All  of  this  tells  the  story  of  a  great 
idea  worked  out  with  marvelous  success 
by  electric  light.  Incidentally,  the  once 
despised  light  company  is  now  lauded 
for  the  great  work  it  performed  in  con- 
nection with  Denver's  richly  productive 
booster  movement. 


is  claimed  to  produce  butter  of  a 
perior  quality  and  without  waste. 


su- 


BUTTER  MADE  BY  ELECTRICITY. 

A  process  of  butter  making  by  means 
of  electrolytic  action  on  cream  has  re- 
cently been  patented  by  George  V. 
Frye  and  Frank  B.  Hinkson,  of  Lexing- 
ton, Ohio. 

Stated  briefly,  the  process  consists  in 
the  massing  of  butter  globules  on  the 
positive  electrode,  which  is  suspended 
opposite  the  negative  electrode  in  a  re- 
ceptacle containing  cream,  previously 
cooled  to  counteract  the  heating  effect  of 
the  current.  The  electrical  current  not 
only  collects  the  butter  globules  in  sus- 
pension and  in  solution,  but  it  also  has  a 
"ripening"  action  necessary  to  proper 
butter  making. 

After  the  electrolysed  butter  is  collect- 
ed it  is  worked  mechanically  to  give  it 
the  usual  marketable  form.    The  process 


SOME  NEW  LAMP  FIXTURES. 

Artistically  designed  lamp  fixtures  are 
an  important  adjunct  to  the  interior  dec- 
orations of  any  room.  From  the  multi- 
tude of  designs  of  electric  fixtures  and 
portable  lamps  now  on  the  market,  em- 
bodying a  great  variety  of  sizes  and  ma- 
terials, it  is  possible  to  select  a  type  that 
will  exactly  fit  in  with  the  general 
scheme  of  decoration  in  almost  any  in- 


AN    ARTISTIC    TABLE    LAJVIP. 

terior.  Most  large  department  stores 
now  keep  electric  fixtures,  and  they  are 
also  obtainable  from  electrical  supply 
dealers,  contractors,  or  from  electric 
light  companies. 

Two  very  appropriate  designs  are  il- 
lustrated one  a  portable  lamp  and  the 
other  a  new  type  of  electrolier.  The 
portable  lamp  embodies  in  the  design  a 
base  of  cast  brass  in  the  form  of  a  palm 
leaf,  surmounted  by  an  artistically  de- 
signed  post  carrying  a   standard  three- 
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prong  dome  holder.  The  dome  is  of 
straw  opalescent  glass,  roughed  inside  to 
give  a  sunlight  effect.  The  metal  work 
is  finished  a  Pompeian  green,  and  a 
green  silk  extension  cord  is  provided, 
with  plug  and  pull  socket. 

The  electrolier  is  a  new  idea  in  the 
fixture  line  and  is  so  arranged  that  any 
number  of  lamp  arms  from  one  to  five 


Bottom  light 

can  be 

attached 

if  desired 


INTERCHANGEABLE     ELECTROLIER. 

may  be  used.  The  fixture  body  is  pro- 
vided with  removable  screws,  properly 
spaced,  for  fastening  the  arms  in  place. 
The  bottom  finishing  ornament,  holding 
the  lower  half  of  the  body,  is  so  ar- 
ranged   that    a     cord     may    be    passed 


through  it  for  a  pendent  switch  or  it 
may  be  utilized  with  the  use  of  a  holder 
for  an  additional  bottom  light  instead, 
carrying  either  dome  or  ball  as  required. 
The  result  is  that  with  this  line  the 
local  dealer  in  the  smaller  towns  may 
purchase  a  limited  number  of  stems  and 
arms  and  make  up  a  multiplicity  of  de- 
signs according  to  cost  or  effect  to  suit 
the  customer.  This  enables  the  contrac- 
tor to  complete  his  wiring  job  without 
delay  as  is  usually  made  necessary  by 
awaiting  receipt  of  the  fixtures  from  the 
factory.  For  instance,  an  assortment  of 
stems,  arms  and  holders  will  make  an 
approximate  ninety-nine  possible  com- 
binations. 


ADVANTAGE  OF  PRACTICAL  TRAINING. 

Mr.  H.  H.  Norris,  professor  of  elec- 
trical engineering  at  Cornell  University, 
thinks  that  the  average  man  prefers  to 
work  with  his  hands  rather  than  with 
his  head;  for  example,  a  student  will 
usually  take  more  interest  and  pleasure 
in  building  and  testing  a  motor  than  he 
will  in  calculating  accurately  what  the 
torque  in  that  motor  will  be  when  the 
machine  has  certain  physical  character- 
istics. Again,  students  lose  interest  in 
theory  when  they  become  very  much  ab- 
sorbed in  practical  work;  that  is,  they 
seem  to  like  the  practice  better  than 
they  do  the  theory.  Therefore,  in  tech- 
nical training  there  should  be  included 
just  enough  practice  to  produce  facts  to 
think  with,  and  no  more ;  just  enough 
facts  to  furnish  the  material  for  organ- 
ization. 

Dr.  C.  P.  Steinmetz,  professor  of  elec- 
trical engineering  in  Union  University 
and  one  of  the  world's  greatest  elec- 
trical engineers,  showed  his  broad-mind- 
edness in  a  recent  technical  discussion 
on  the  training  of  electrical  engineers. 
by  the  following  statement : 

"We  must  not  forget,  however,  that 
the  college  is  not  the  only  educational 
institution.  There  are  other  important 
educational  institutions  for  electrical  en- 
gineers. There  are  trade  schools  and  cor- 
respondence schools.  They  do  work  the 
importance  of  which  many  of  you  do  not 
appreciate,  work  of  the  highest  value,  and 
I  want  to  speak  here  for  them  and  draw- 
attention  to  them  so  that  we  may  give 
them  proper  recognition." 


MEASUREMENT  OF   HIGH  TEMPERATURES. 


Standing  before  some  raging  furnace 
or  retort  we  are  told,  perhaps,  that  the 
temperature  of  the  fiery  interior  is  2,000 
or  3,000  degrees  Fahrenheit,  or  even 
more.  The  heat  is  terrific  and  almost 
blinds  us  even  at  a  considerable  distance. 


FIG.    1.     RADIATION   PYROMETER  IX    OPERATION. 


So  we  are  inclined  to  wonder  how  it  is 
that  these  high  temperatures  are  meas- 
ured, when  one  breath  from  the  white 
hot  mass  would  melt  an  ordinary  ther- 
mometer as  if  it  were  an  icicle. 

To  know  the  temperature  of  such  fur- 


naces is  essential  in  many  industrial  pro- 
cesses where  great  heat  is  employed,  as 
in  glass  making,  the  manufacture  of 
porcelain,  etc.  These  temperature  de- 
terminations are  variously  made,  some- 
times by  thermo-couples,     as    they    are 

called,  placed  in 
the  hot  body ; 
that  is  junctions 
of  two  different 
metals  which 
when  heated 
cause  electric 
current  to  flow 
in  a  circuit  in 
which  they  are 
included,  which 
current  is  then 
measured. 
Sometimes  Se- 
gar  cones  of 
fusible  clay  are 
used  by  potters. 
These  melt  at  a 
certain  temper- 
ature, but  they 
must  be  careful- 
ly watched  and 
even  then  indi- 
cate indifferent- 
ly only  one  giv- 
en temperature. 
Pyrom  e  t  e  r  s 
are  the  best  in- 
struments for 
indicating  high 
t  e  m  p  e  ratures. 
Two  such  in- 
struments are 
shown  in  the  il- 
lustrations and 
their  operation 
is  very  inter- 
esting. 

Fig.  1  shows 
the  Fery  radia- 
tion pyrometer, 
w  h  i  c  h,  when 
pointed  toward  a  hot  body,  gives  continu- 
ous automatic  readings  of  temperature. 
It  will  even  measure  the  temperature  of 
steel  billets  passing  through  rolls  in  a 
steel  mill,  and  that  without  stopping  the 
rolls. 
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To  understand  the  working  of  the  in- 
strument it  is  only  necessary  to  remem- 
ber the  following  facts : 

All  bodies  radiate  heat  to  their  sur- 
roundings and  the  amount  of  heat  radi- 
ated increases  so  rapidly  with  rise  of 
temperature  that  it  can  be  felt  even  be- 
fore the  body  is  hot  enough  to  give  out 
light.  Heat  rays  can  be  reflected  and 
brought  together  at  a  focus  just  as  light 
rays  can,  so  that  where  a  concave  mirror 
brings  light  to  a  focused  image  there  is 
also  a  "heat  image"  at  the  same  spot. 
The  well-known  burning  glass  which  is 
used  to  set  fire  to  a  piece  of  paper  by 
focusing  heat  rays  from  the  sun  is  an 
example  of  this.  The  same  thing  that  is 
done  by  a  lens  or  burning  glass  can  be 
done  better  by  a  concave  mirror,  and  for 
that  reason  a  mirror  is  used  in  the  radia- 
tion pyrometer. 

If  two  different  metals  are  joined  to- 


thermo-couple,  and  the  place  where  the 
two  metals  are  joined  together  and  heat- 
ed is  called  the  "hot  junction."  The 
place  where  the  two  metals  are  joined  to 
the  rest  of  the  circuit  is  called  the  "cold 
junction,"  and  it  is  the  difference  in 
temperature  between  the  hot  and  cold 
junctions  that  causes  a  current  to  flow. 

The  heat  rays  given  out  by  a  hot  body 
fall  on  a  concave  mirror  in  the  pyrometer 
telescope  and  are  brought  together  to  a 
focus.  At  this  focus  is  the  hot  junction 
of  a  thermo-couple,  and  this  junction  is 
heated  by  the  focused  heat  rays,  the 
hotter  the  body  the  hotter  the  junction. 

To  guide  the  pointing  of  the  telescope 
an  eye-piece  is  provided,  through  which 
the  reflected  image  of  the  hot  body  may 
be  seen. 

The  indicating  outfit  that  goes  with  the 
pyrometer  contains  an  instrument  like  an 
ammeter  for  measuring  electric  current. 


FIG.     2.      A    SELF-CHECKING    PYROMETER 


gether  and  their  junction  is  heated  there 
will  be  an  electrical  pressure  at  the  junc- 
tion, and  this  pressure  will  cause  a  flow 
of  current  if  an  electrical  circuit  is  pro- 
vided. The  more  the  junction  is  heated 
the  bigger  will  be  the  current,  the  cur- 
rent always  being  in  direct  proportion  to 
the  temperature.     This  device  is  called  a 


This  indicator  is  connected  by  wires  to 
the  circuit  containing  the  hot  junction. 
The  scale  on  this  instrument  is.  however, 
calibrated  to  read  in  degrees  instead  of 
amperes,  therefore  the  needle  on  the 
scale  at  all  times  shows  the  temperature 
in  degrees  Fahrenheit  of  the  hot  body. 
An    interesting,   self-checking  pyrom- 
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eter,  radically  different  from  previous 
types,  is  shown  in  Fig.  2.  It  is  especial- 
ly intended  for  use  where  it  is  desired  to 
hold  the  temperature  of  an  oven,  vat, 
etc.,  at  a  given  value. 

This  pyrometer  consists  of  two  parts : 
the  bulb  or  fire  end  and  the  indicator. 
The  bulb  consists  of  a  porcelain  or 
quartz  tube,  protected  by  a  seamless 
nickel  tube  and  containing  a  coil  of  plati- 
num wire. 

The  indicator  consists  of  a  Wheat- 
stone  bridge  mounted   in  the  base  of  a 


10  Voit  Circuit 


FIG.    3.      SHOWING   APPLICATION    OF 
WHEATSTONE    BRIDGE    TO    PYROMETER. 

regular  switchboard  type  ammeter.  The 
ammeter  may  be  connected  to  an  ordi- 
nary 1 10- volt  direct  current  system. 

Fig.  3  shows  the  principle  of  the 
Wheatstone  bridge  as  applied  to  the 
pyrometer.  (F)  and  (G)  are  the  110- 
volt  mains.  In  one  of  them  is  located  the 
bridge  (A),  (C),  (D),  (B).  (A)  and 
(B)  are  known  constant  resistances,  (C) 
is  a  known  variable  resistance  and  (D) 
is  the  unknown  resistance,  in  this  case 
the  coil  of  platinum  wire  in  the  furnace. 

If  (A),  (B),  (C)  and  (D)  are  all 
equal  in  resistance  the  current  will  di- 
vide equally  in  the  branches  (AC)  and 
(BD)  and  none  will  flow  through  the 
ammeter  (A')  and  it  will  not  indicate. 
If  the  resistance  of  (D)  increases  some 
current  will  flow  from  (B)  through  the 
ammeter  through  (C)  and  out,  causing 
a  deflection  of  the  needle.  It  will  read- 
ily be  seen,  therefore,  that  the  ammeter 
scale  may  be  marked  off  in  degrees  of 
temperature  so  that  the  changes  of  re- 
sistance of  (D)  due  to  the  temperature 
in  the  furnace  may  be  indicated  in  de- 
grees of  temperature  on  the  scale.  The 
fundamental  principle  of  the  bridge  pre- 
cludes any  errors  through  fluctuation  of 
the  voltage  in  the  main  circuit  (G),  (F). 


The  bridge  is  arranged  so  that  the  va- 
riable resistance  (C)  may  be  increased 
and  balanced  up  against  (D)  at  the  mid- 
dle point  of  every  200  degrees  of  its 
range.  If,  for  instance,  the  instrument 
is  off  calibration  three  per  cent,  the  error 
in  the  temperature  reading  will  be  three 
per  cent  of  100,  or  three  degrees,  any- 
where on  the  scale.  At  1,800  degrees,  for 
example,  it  would  still  be  three  degrees, 
if  properly  balanced.  Without  the  bal- 
ancing feature  the  error  in  1,800  degrees 
-would  be  three  per  cent  of  1,800  degrees, 
or  54  degrees. 


CHEMICAL  RECTIFIER. 

In  the  Question  Box  of  the  National 
Electric  Light  Association  Bulletin  the 
question  was  asked :  Is  there  a  chemical 
rectifier  designed  to  operate  on  no- volt 
alternating  current  and  to  change  the 
same  to  direct  current  suitable  for  oper- 
ating a  one-sixth  horsepower  motor?  G. 
W.  Barlow  of  South  Bend,  Ind.,  offered 
the  following  solution  of  the  problem : 

Take  four  ordinary  battery  jars  and 
fill  them  with  a  saturated  solution  of 
water  and  borax,  or  bicarbonate  of  soda. 
Then  get  four  pieces  of  ordinary  stove- 
pipe   or,    better    still,    an    equivalent    of 


o.c. 


a.  a 
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sheet  lead  one-quarter  inch  thick.  Next, 
get  four  pieces  of  aluminum  of  about 
one-tenth  the  surface  area  of  the  stove- 
pipe or  lead,  and  arrange  so  that  they 
can  be  raised  or  lowered;  also  removed 
entirely  when  not  in  use.  Connect,  as 
shown  in  the  diagram. 

When  using  iron,  if  it  does  not  start 
at  first,  soak  the  iron  in  a  strong  solu- 
tion of  common  lye  until  the  grease  is 
cleared  off.  The  ratio  of  transformation 
will  be  about  no  to  95,  and  the  direct 
current  can  be  readily  reduced  to  proper 
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voltage  by  the  use  of  lamps  or  water  re- 
sistance. Fuse  up  to  15  amperes  on  the 
alternating-current  side  before  starting. 

Such  a  rectifier  will  be  found  equal  to 
a  small  mercury  rectifier  for  ignition  bat- 


tery work  and  small  batteries  in  offices 
of  dentists  and  physicians,  and  in  house- 
hold service.  It  heats  a  trifle  and  needs 
a  little  attention,  but  is  cheap  and 
efficient. 


FIRST    ELECTRIC    FIRE    BOATS  IN  THE    WORLD 


They  are  the  first  electrical  fireboats 
in  the  world.  They  are  the  largest  and 
most  powerful  fire  boats  in  the  world  and 
the  first  centrifugal  pump  boats  to  be 
used  on  the  great  lakes.  They  are  the 
first  fire  boats  to  be  driven  by  electric  pro- 
pulsion. They  are  the  first  turbine  driven 
boats  in  the-  world  to  be  electrically  con- 
trolled from  the  pilot  house.  The  engi- 
neer Answers  no  bells.     The  captain  con- 


electric  dynamo  and  a  centrifugal  pump 
to  throw  the  water.  The  dynamo  in  the 
middle  generates  electricity  which  is 
carried  to  electric  motors  to  run  the 
boat.  The  centrifugal  pump  at  the  left 
pumps  the  water  for  the  fire  streams. 
The  steam  turbine  at  the  right  oper- 
ates them  both. 

A  peculiar  set  of  conditions  made  the 
above  arrangement  desirable.     The  Chi- 
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trols  the  screws  from  the  pilot  house, 
going  ahead  or  back  on  either  or  both 
at  any  speed,  entirely  independent  of  the 
engineer.  These  are  the  interesting 
characteristics  of  the  two  new  twin  fire- 
boats  in  Chicago,  the  Joseph  Medill  and 
the  Graeme  Stewart — "Dreadnaughts" 
among  the  fire  fighters  of  the  world. 

In  the  design  of  these  boats  the  power 
is  applied  in  a  unique  manner.  On  one 
shaft    is   a   powerful    steam   turbine,   an 


cago  River  is  crossed  by  bridges  every 
block  or  two,  which  must  be  opened  for 
the  passage  of  the  boats,  so  that  high 
speed  is  out  of  the  question.  It  was 
considered,  further,  that  a  combination 
of  circumstances  requiring  full  power 
on  the  fire  pumps  and  full  power  on  the 
propelling  motors  at  the  same  time  for 
any  protracted  period  is  practically  im- 
possible, and  that  if.  while  the  boat  is 
pumping  water  to  her   full  capacity,  the 
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motors  are  called  into  service  to  change 
her  position  slightly,  the  turbines  will 
easily  stand  the  temporary  overload. 

It  was  for  this  reason  that  the  electric 
propulsion  was  decided  upon.  The  tur- 
bines were  there,  anyway,  for  the  fire- 
pumps.  If  ordinary  steam  engines  were 
used  for  propelling  the  boat,  it  meant 
two  more  engines,  with  four  cylinders, 
valves,  shafts,  rods  and  all  the  compli- 


the  sea  cocks  are  closed  and  the  pumps 
drained  of  water.  When  an  alarm  comes 
in  the  engineer  has  only  to  start  his  tur- 
bines, circulating  and  air  pumps.  The 
captain  starts  the  propelling  motors,  and 
on  the  run  to  the  fire,  the  power  of  the 
turbines  is  used  for  running  the  boat 
only,  the  impellers  of  the  fire  pumps 
turning  freely  in  the  casings  and  doing 
no  work.  On  arrival  at  the  fire,  all  the 
engineer  has  to  do  is,  without  stopping 
the  turbines,  to  open  the  sea  cocks  and 
turn  water  into  the  pumps. 

If  the  boat  ever  has  to  go  into  rough 
water,  there  can  be  no  racing  of  the 
screws,  the  speed  of  the  motors  being 
constant  for  whatever  voltage  is  being 
used;  this  being  governed  by  the  con- 
troller. Another  advantage  is  that,  if  a 
sudden  strain  is  put  upon  the  shaft  by 
the  propeller  striking  heavy  ice,  or  run- 
ning against  dock  piles  or  other  obstruc- 
tions which  are  frequently  encountered 
in  the  confined  spaces  in  which  the  boats 
must  work,  the  circuit  breaker  is  auto- 


CENTRIFUGAL    PUMP 


STEAM   TURBINE 


COMBINATION    STEAM    TURBINE,    DYNAMO     AND    PUMP    ON    FIRE    BOAT. 


cated  working  parts  to  take  care  of  and 
keep  in  repair.  Adding  the  generators 
and  motors,  which  practically  require  no 
attention  at  all,  the  engineer  is  even  re- 
lieved of  the  necessity  of 
bells  and  operating  engines  as  usual. 

When  the  boat  is  lying  at  her  station, 
under  banked  fires,  waiting  for  an  alarm, 


matically    thrown    out,    instantly    taking 
off  the  power. 

Each  steam  turbine  is  of  660  horse- 
power and  there  are  two  on  each  boat. 
The  pump  connected  to  each  will  deliver 
9,000  gallons  of  water  at  150  pounds  to 
the  square  inch.  By  branch  pipes,  prop- 
erly fitted,  the  discharge  of  one  going 
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into  the  suction  of  the  other,  the  pumps 
may  be  operated  in  tandem,  throwing 
5,000  gallons  of  water  a  minute  at  500 
pounds  pressure. 


APPLICATIONS  OF  SMALL  STORAGE 
BATTERIES. 

Storage  batteries  or  accumulators  or 
secondary  batteries,  as  they  are  various- 
ly known,  are  extremely  useful  in  elec- 
trical work,  for  they  afford  the  only 
means  of  apparently  "storing"  electric- 
ity; that  is,  putting  current  into  the  de- 
vice in  time  of  plenty  and  taking  it  out 
again  in  time  of  need,,  or  putting  it  in 
in  one  locality  and  carrying  it  to  an- 
other for  application. 

When  the  accumulator  was  still  in  the 
experimental  stage  in  1881,  enthusiasm 
was  aroused  by  the  fact  that  Sir  Wil- 
liam Thomson,  afterward  Lord  Kelvin, 
received  in  Scotland  a  "box  of  electric 


„_J! 


chemical  action.  Not  the  same  literal 
electricity  is  taken  out  as  is  put  in.  But, 
as  Mr.  Kipling  would  say,  that  is  an- 
other story. 

Large  storage  batteries  are  used  in 
electric  light,  power  and  railway  work. 
but  there  is  also  a  wide  field  of  applica- 
tion for  small  accumulators.  The  bat- 
teries make  available  many  electrical  ap- 
pliances where  other  sources  of  current 
are  not  at  hand.  They  operate  electric 
fans,  railway  signals,  motors  for  phono- 
graphs, sewing  machines  and  other  pur- 
poses, interior  telephone  and  fire-alarm 
systems,  telegraph  circuits,  bell  circuits, 
portable  electric  lamps,  carriage  lights, 
small  motor  boats,  Christmas  tree  dec- 
orations, sparkers  for  automobile  or  oth- 
er gas  engines,  etc.  For  some  purposes, 
as  in  laboratory  work  the  steady  stor- 
age-battery current  is  preferred  even 
when  other  sources  are  available. 

Of   course   some   means   of   charging 


With  Lamps  in  Circuit.  With  Rheostat  in  Circuit 

METHODS    OF    CHARGING    STORAGE     BATTERIES. 


energy"  charged  by  Faure  in  France. 
This,  seemingly  made  electricity  porta- 
ble ;  it  was  put  into  the  battery  cell  in 
Paris,  as  one  would  put  clothing  into  a 
traveling  bag,  and  taken  out  for  use  in 
Glasgow. 

Really  the  electricity  is  not  actually 
stored  when  the  current  is  applied  to  the 
cell  (a  battery,  strictly  speaking,  con- 
sists of  two  or  more  cells  or  units),  cer- 
tain chemical  changes  are  set  up.  This 
is  "charging"  the  battery.  When 
charged,  if  the  proper  electrical  connec- 
tions are  made,  current  will  flow  or  dis- 
charge from  the  battery  as  the  result  of 


the  cells  must  be  available,  and  it  is  to 
be  remembered  that  only  direct  current 
can  be  employed  for  this  purpose.  If 
the  source  of  supply  is  alternating  cur- 
rent, some  means,  as  a  "mercury  recti- 
fier," must  be  used  to  change  it  to  di- 
rect current.  If  the  cells  must  be  taken 
to  the  charging  source,  the  portable  bat- 
tery is,  of  course,  necessary.  In  this 
type  the  "elements" — that  is.  the  posi- 
tive and  negative  plates,  properly  ar- 
ranged— are  sealed  in  rubber  jars  and 
placed  in  a  wooden  case  with  a  handle. 
For  small  stationary  batteries  glass  jars 
are  generally  used. 
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The  electromotive  force  of  a  storage 
cell  is  usually  figured  at  two  volts ;  it  is 
about  that  at  the  beginning  of  discharge, 
but  the  voltage  runs  down  to  about  1.75 
at  the  end  of  discharge  at  the  normal 
rate.     If  the  battery  is  discharged  fas- 


SMALL    PORTABLE    STORAGE    BATTERY. 

ter  than  the  normal  rate,  the  voltage  will 
be  somewhat  lower. 

Capacities  of  batteries  are  stated  in 
ampere-hours  at  given  rates  of  dis- 
charge. Thus,  a  cell  of  a  certain  size 
may  discharge  at  ^4  ampere  for  eight 
hours.  It  therefore  has  a  capacity  of 
(%  X8)  six  amperes-hours;  or  it  may 
discharge  at  the  rate  of  iJ/£  amperes  for 
three  hours,  giving  a  capacity  of  4^2 
ampere-hours.  One  rating  is  at  the 
8-hour  rate;  the  other  at  the  3-hour 
rate.  If  the  battery  has  been  completely 
discharged  at  the  8-hour  rate,  it  will  usu- 
ally require  about  nine  hours  to  recharge 
it  at  the  same  rate.  At  a  high  rate  of 
discharge  a  battery  is  not  completely  ex- 
hausted, and  it  is  necessary  to  restore 
only  what  has  been  taken  out  in  ampere- 
hours,  plus  a  small  surplus  for  losses. 

The  simplest  method  of  charging  is 
from  a  direct-current  incandescent  light- 
ing circuit,  using  lamps  connected  in 
parallel  to  reduce  the  voltage,  the  cur- 
rent being  adjusted  by  varying  the  num- 
ber of  lamps.  The  lamps  are  in  series 
with  the  battery.  If  the  charging  source 
is  a  no-120-volt  circuit,  and  the  charg- 
ing rate  five  amperes,  10  16-candlepower 
or  six  32-candlepower  lamps  in  parallel, 
with  the  group  in  series  with  the  bat- 
tery, will  give  the  desired  charging  rate. 
The  connections  are  shown  in  one  of 
the  cuts  on  the  preceding  page. 


Instead  of  lamps,  a  rheostat  is  some- 
times used,  as  shown  in  second  cut.  Its 
resistance  should  be  such  as  to  produce, 
when  carrying  the  normal  charging  cur- 
rent, a  drop  in  voltage  equal  to  the  dif- 
ference between  the  pressure  of  the 
charging  source  and  that  of  the  battery 
to  be  charged.  Thus,  if  a  battery  of  three 
cells,  requiring  a  maximum  of  about 
seven  volts  to  charge,  is  to  be  charged 
from  a  no-volt  circuit  at  a  5-ampere 
rate,  the  resistance  to  be  provided  would 
be,  according  to  Ohm's  law,  which  is : 

E  E 

C  =  —  or  R  =  — , 
R  C 


no 


7  volts 


20.6  ohms. 


5  .amperes 

The  carrying  capacity  of  the  rheostat 
should  be  slightly  in  excess  of  the  cur- 
rent required.  The  voltage  required  for 
charging  varies  from  2.4  to  2.y  volts. 

It  is  often  desirable  to  have  one  set 
of  batteries  in  service  while  another  is 
being  charged.     The   diagram   shows  a 


qi 


F 


CONNECTIONS  FOR  TWO  SETS  OF 
BATTERIES. 


convenient  arrangement  for  accomplish- 
ing this.  (A)  represents  the  source  of 
current  and  (B)  the  lamps  or  other  re- 
sistance. (C)  and  (D)  are  knife  switches 
connected  as  shown  to  batteries  (E)  and 
(F).  (G)  represents  the  connection  to 
the  apparatus  supplied  with  current  by 
the  batteries.  By  throwing  the  switches 
in  opposite  directions  one  battery  will  be 
charging  while  the  other  is  discharging. 
Always  connect  the  positive  wire  of 
the  charging  source  to  the  positive  ter- 
minal of  the  battery  and  the  negative 
wire  of  the  charging  source  to  the  nega- 
tive terminal. 
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GETTING  A  LIGHT. 

Since  the  beginning,  fire  has  been  the 
most  sacred  possession  of  man.  Fire 
came  with  the  very  beginning  of  civiliz- 
ation. It  was  worshipped  by  the  men  of 
the  East  and  the  half-savage  Aztecs  and 
Incas  of  the  West.  In  this  modern  elec- 
trical age,  when  the  simple  turning  of  a 
switch  gives  immediate  light  or  heat,  it 
is  interesting  to  follow  the  history  of 
the  primitive  methods  of  "getting  a 
light." 

In  ancient  days  it  was  very  difficult  to 
obtain  fire  and  among  the  savages  men 
were  tolled  off  to  tend  the  fires  and  to 
carry  the  live  coals  from  place  to  place. 
Many  of  the  American  Indians  could  not 
make  fire  at  all  and  either  obtained  their 
sparks  from  neighboring  tribes  or  from 
trees  struck  and  fired  by  lightning.  Once 
the  fire  was  obtained  it  was  never  al- 
lowed to  go  out.  Other  savage  tribes 
produced  fire  by  friction.  The  fire  drill, 
used  by  American  Indians  of  the  North, 
which  whirled  a  pointed  stick  of  hard 
wood  in  a  shallow  crevice  of  a  dry  block 
of  softer  wood,  was  a  good  source  of 
fire  so  long  as  it  was  kept  dry.  The  drill 
revolving  with  great  rapidity  raised  the 
temperature  of  the  wood  dust  in  the 
crevice  until  it  burst  into  a  flame. 

Then  came  the  flint  and  steel  which 
proved  the  handiest  way  of  getting  a 
light  for  hundreds  of  years.  Even  in 
the  memory  of  some  of  the  older  folk  of 
today  the  flint  and  steel  were  in  daily 
use.  When  it  was  found  that  a  bit  of 
jagged  flint,  struck  with  a  piece  of  steel, 
would  emit  a  shower  of  bright  and  in- 
tensely hot  sparks,  then  fire  building  be- 
came easy.  Sparks  from  the  flint  would 
set  fire  to  tow,  to  charred  rags,  to  gun- 
powder or  to  most  any  combustible  ma- 
terial. 

The  first  matches,  were  made  of  thin 
strips  of  highly  resinous  or  dry  pine- 
wood,  about  six  inches  long,  the  pointed 
ends  of  which  were  dipped  in  melted 
sulphur;  thus  prepared,  the  sulphur 
points  easily  ignited  when  applied  to  a 
spark  obtained  by  striking  fire  into 
tinder  from  a  flint  and  steel.  Then  some- 
one invented  the  "instantaneous  light 
box."  This  consisted  of  a  small  tin  box 
containing  a  bottle,  in  which  was  placed 
some      sulphuric      acid,      with      enough 


fibrous  asbestos  to  soak  it  up  and  pre- 
vent its  spilling,  and  a  supply  of  prop- 
erly prepared  matches.  These  primitive 
matches  consisted  of  small  splints  of 
wood  about  two  inches  long  one  end  of 
which  was  coated  with  a  chemical  mix- 
ture, prepared  by  mixing  chlorate  of 
potash,  six  parts;  powdered  loaf  sugar, 
two  parts;  powdered  gum  arabic,  one 
part ;  the  whole  colored  with  a  little  Ver- 
million and  mixed  with  water  until  it 
became  a  thin  paste.  The  splints  were 
first  dipped  into  melted  sulphur  and  then 
into  the  prepared  paste.  They  were 
really  made  to  burn  by  dipping  the  pre- 
pared ends  into  sulphuric  acid. 

In  the  year  1823  a  peculiar  match  was 
introduced.  Phosphorous  and  sulphur 
were  carefully  mixed  in  a  glass  tube 
tightly  corked.  A  splinter  of  wood  was 
slipped  into  the  tube,  a  small  portion  of 
the  mixture  was  drawn  out,  and  when 
this  was  exposed  to  the  air  it  ignited 
and  set  fire  to  the  wood.  John  Walker, 
a  druggist  in  England,  invented  the  first 
really  practical  friction  matches,  giving 
to  them  the  name  of  "Congreves."  They 
were  of  thin  strips  of  wood,  or  card- 
board, coated  and  dipped  with  sulphur 
and  tipped  with  a  mixture  of  sulphide  of 
antimony,  chlorate  of  potash  and  mucil- 
age. But  they  cost  25  cents  for  seven 
dozen  of  them. 

It  was  not  until  about  the  year  1833 
that  the  friction  method  of  obtaining  a 
light  began  to  be  developed,  and  fric- 
tion matches  came  into  use. 

But  even  matches,  so  common  today, 
are  being  superseded  by  electrical  de- 
vices. Electric  cigar  lighters  are  pro- 
vided at  cigar  stands  as  a  substitute  for 
matches  which  take  too  much  time.  The 
electric  lights  are  rapidly  superseding 
the  old  oil  and  gas  lamps,  which  require 
matches,  and  even  the  faithful  old  cook 
stove  is  being  replaced  with  an  electric 
cooking  outfit  which  produces  plenty  of 
heat  without  fire  or  flame  and  without 
matches  or  fuel.  The  electric  cigar 
lighter,  which  is  the  very  latest  method 
of  obtaining  a  light,  consists  primarily 
of  a  few  turns  o\  German  silver  wire 
stretched  behind  a  non-conducting 
screen  of  mica  or  embedded  in  heat  re- 
sisting cement.  Electricity  passing 
through  this  wire  makes  it  red  hot 
which  in  turn  heats  the  screen  or  cement. 


THE  "WHITE  COAL"  OF  SWITZERLAND, 


The  people  of  Switzerland  are  noted 
for  their  thrift  and  ability  to  utilize  to 
the  last  degree  the  available  products 
of  their  country.  But  in  the  matter  of 
fuel  they  have  al- 
ways been  depend- 
ent upon  outside 
sources,  and  to  them 
"coal  bills"  have 
been  a  matter  of 
serious  concern. 

Fortunately,  how- 
ever, they  had  in 
their  own  beautiful 
Alps  a  substitute 
for  coal  which  the 
developments  in  el- 
ectricity in  the  last 
few  years  have 
placed  at  their  dis- 
posal. This  substi- 
tute is  hydroelectric 
power — the  "White 
Coal"  of  Switzer- 
land. 

Throughout  the 
mountains  of  Switz- 
erland are  glacier- 
fed  lakes  which 
have  been  the  ad- 
miration of  sight- 
seers for  centuries. 
These  lakes,  situ- 
ated as  they  are  at 
great  altitudes,  are 
every  one  a  source 
of  potential  energy, 
waiting  only  to  be 
tapped  by  man  to 
pour  out  their 
wealth  of  power. 
Electric  power  thus 
generated  is  now 
used  very  exten- 
sively in  the  opera- 
tion of  Swiss  rail- 
roads and  in  the 
manufacturing  in- 
dustries. 

One  of  the  not- 
able power  devel- 
opments is  the  Brusio-Campoclogna 
plant,  supplied  by  Lake  Pochiavo  over 
3,000  feet  above  the  level  of  the  sea. 
There   is   a  tunnel   carried  through   the 
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mountain  leading  from  the  Lake  Poch- 
iavo headrace  to  a  collecting  basin,  and 
the  water  is  carried  through  penstocks 
under  a  head  of  980  feet  to  the  power 
plant  located  at 
Campocologna.  The 
headrace  tunnel  is 
25  feet  below  the 
normal  water  level 
of  the  lake,  a  siphon 
being  utilized  for 
connecting  the  tun- 
nel with  the  lake 
instead  of  directly 
with  the  lake  bed. 
The  five  great 
penstocks,  which 
bring  the  water 
down  the  mountain 
from  the  tunnel,  ter- 
minate in  the  power 
plant  at  the  foot  of 
the  incline,  and  the 
force  of  the  water 
coming  from  such  a 
height  is  sufficient 
to  generate  48,000 
horsepower. 

The  dynamos  in 
the  power  house  de- 
liver electric  cur- 
rent at  a  pressure  of 
7,000  volts.  This 
pressure  is,  how- 
ever, not  sufficient 
to  transmit  the  elec- 
tricity over  the  long 
distance  which  it  is 
to  be  carried  before 
it  is  turned  to  use- 
ful work,  so  trans- 
formers are  used 
which  raise  the 
pressure  to  50,000 
volts.  Current  at 
this  pressure  is  car- 
ried by  a  transmis- 
sion line  through 
nearly  100  towns 
and  across  three 
provinces.  The 

towers  which  carry  the  conducting 
wires  are  of  steel  lattice  work.  There 
are  over  3.000  of  them  and  they  weigh 
from  1,500  to  2,800  pounds  each. 
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ELECTRIC    TRANSMISSION    LINE    IN  SWITZERLAND. 


Owing  to  the  fact  that  the  generating 
plant  is  not  located  on  a  railroad  line  the 
heavy  machinery  was  hauled  over  the 
mountain  roads  by  teams,  part  by  part. 
One  of  the  pictures  shows  a  massive 
armature  being  drawn  to  its  destination, 
20  horses  being  required  to  accomplish 
the  task. 


HAULING     ELECTRIC     MACHINERY 
THROUGH  THE  MOUNTAINS. 


PATENT  OFFICE  ODDITIES. 

Mr.  William  A.  Darrah  related  some 
of  his  experiences  as  an  examiner  in  the 
United  States  Patent  Office  at  a  recent 
meeting  of  the  branch  of  the  American 
Institute  of  Electrical  Engineers  at  the 
Worcester  (Mass.)  Polytechnic  Insti- 
tute. He  found  the  work  very  interest- 
ing. He  observed  that  the  examiner  han- 
dles applications  from  all  kinds  of  peo- 
ple in  all  parts  of  the  world  (for  there 
are  a  large  percentage  of  foreign  appli- 
cants), and  naturally  comes  across  many 
curious  errors  and  ideas.  Thus  a  cer- 
tain legal  light  from  California,  more 
versed  in  legal  than  technical  details. 
recently  presented  several  cases  describ- 
ing a  "Paul  and  Rachel"  wheel  evident- 
ly considering  "pawl  and  ratchet"  a  bib- 
ical  quotation.  Then  there  is  the  class 
of  attorneys,  who,  having  a  marked  an- 
tipathy to  friction,  call  all  pivots  "anti- 
friction pivots."  while  another  group  of 
practitioners  call  all  devices  automatic. 
The  applicants  from  abroad,  notably 
German  inventors  who  try  to  conduct 
their  cases  after  the  rules  of  their  home 
office,  are  another  group  who  make  in- 
teresting errors. 


SOME  UNIQUE  MOTOR  APPLICATIONS. 


The  field  of  usefulness  of  electric  mo- 
tors for  driving  machinery  is  practically 
limitless.  In  this  electrical  age  motors 
are  no  longer  considered  complicated  or 
impracticable  by  the  average  power 
user,  and  there  is  almost  no  line  of  work 
requiring  power  where  they  may  not  be 
employed  with  economy. 


THREE    STAGE   PORTABLE   PUMP 


The  three  illustrations  show  the  ap- 
plication of  motor  drive  to  three  widely 
different  operations.  One  is  a  letter 
sealing  machine,  driven  by  a  little  spher- 
ical motor  about  as  large  as  a  good  sized 
apple.  It  is  a  pretty  small  affair,  not 
over  one-thirtieth  horsepower,  but  it 
makes  the  letter  sealing  machine  hum. 
The  only  work  necessary  is  to  feed  the 
letters  into  the  machine,  where  they  are 
moistened  and  come  out  neatly  sealed, 
all  in  the  twinkling  of  an  eye. 

Another  view  shows  an  induction  mo- 
tor operating  an  unhairing  machine  in 
a  modern  tannery.  The  motor  is  fast- 
ened to  the  ceiling  and  drives  a  number 
of  rolls  which  carry  spiral  shaped  knives 
or  scrapers.  The  hides  are  fed  into  the 
roller  and  come  with  all  the  hair  neatly 
and  expeditiously  removed. 

It  might  here  be  mentioned  that  an 
induction  motor  is  different  from  the  di- 
rect current  motor,  or  the  ordinary  al- 
ternating current  motor.  These  operate 
on  the  principle  that  a  current  flowing 
from  the  wires  of  the  line  through  the 


wires  in  the  armature  and  out  again  will 
cause  the  armature  to  revolve  owing  to 
the  fact  that  the  magnetism  which  is  in 
the  pole  pieces  exerts  a  repelling  effect 
on  the  wires  in  the  armature  while  cur- 
rent is  flowing  through  them  from  the 
main  line.  On  the  other  hand,  in  the  in- 
duction motor,  which  operates  an  alter- 
n  a  t  i  n  g  current, 
the  current  from 
the  feed  wires 
does  not  pass 
through  the  arma- 
ture, but  goes 
around  the  coils 
of  the  fields.  The 
armature  contains 
wires  which  cut 
the  lines  of  mag- 
netic force  of  the 
fields,  but  these 
wires  are  short 
circuited  at  the 
ends,  and  are  in 
no  way  connected 
with  the  source  of 
current.  The  two 
or  three  phase  al- 
ternating current 
flowing  in  the  field  coils  makes  the 
poles  alternately  positive  and  negative, 
and  where  there  are  several  poles  gives 
a  rotating  effect  to  the  field  as  the  poles 
one  after  another  become  positive.  This 
rotating  field  drags  the  armature  around 
with  it  through  virtue  of  the  induced 
currents  which  are  caused  to  flow  in  the 
short  circuited  coils  mentioned  above. 


LETTER  SEALING  MACHINE. 
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The  third  application  of  motor  drive 
illustrated  is  that  of  a  three  stage  port- 
able centrifugal  pump  operated  by  a  di- 
rect current  motor.  The  advantages  of 
this   outfit    for   general   utility   purposes 


UNHAIRING    MACHINE    IN    TANNERY 

are  evident.  It  is  easily  moved  about 
from  place  to  place  and  can  be  employed 
to  drain  excavations  and  for  other  pur- 
poses.        

I  FROM  TRAINS  TO*STOCKINGS. 

From  the  gigantic  task  of  hauling 
freight  and  passenger  trains  over  the 
electrified  branch  of  the  Canadian  Pa- 
cific the  Aroostook  Falls,  in  Maine,  per- 
forms such  little  chores  as  knitting 
stockings.  The  falls  has  recently  been 
harnessed  to  drive  electric  generators 
which  supply  current  to  the  railroad  and 
to  the  knitting  mills  of  the  vicinity.  An 
electrically  operated  machine  will  knit  a 
stocking  in  less  than  two  minutes. 


Competent  engineers  estimate  that 
there  is  2,000,000  horse-power  which 
could  be  easily  developed  from  water- 
power  in  this  country.  This  would  save 
annually  225,000,000  tons  of  coal. 


MARVELS    OF    ELECTRICAL    COMMUNI- 
CATION. 

Both  telegraphy  and  telephony  were 
"born  and  raised". in  the  United  States, 
and  it  is  in  this  country  that  their  most 
remarkable  development,  partic- 
ularly in  the  art  of  telephoning, 
has  taken  place.  In  the  city  of 
New  York,  for  example,  there 
are  250,000  telephones,  while 
Chicago  boasts  180,000.  It  is  an 
interesting  comparison  to  note 
that  within  a  circle  having  a  ra- 
dius of  30  miles  and  its  center 
in  New  York  City  there  are  more 
telephones  than  in  all  the  British 
Isles. 

Chicago  telephone  exchanges 
are  the  busiest  in  the  country 
with  an  average  of  conversations 
of  22  per  line  per  day.  Every 
day  there  are  about  1,100,000  tel- 
ephone conversations  in  the  city, 
and  as  each  conversation  aver- 
ages two  minutes,  or  about  200 
words,  there  is  a  total  of  220,- 
000,000  words  of  telephone  talk 
daily  in  this  one  city.  This  num- 
ber of  words  is  equal  to  the  num- 
ber contained  in  a  library  of 
1,500  books  each  of  the  size  of 
an  ordinary  popular  novel. 

If   all  the   wires   used   in   the 
Chicago   telephone   system   both 
in  the  exchanges  and  in  the  lines 
were  put  end  to  end,  they  would  be  suf- 
ficient to  girdle  the  earth  at  the  equator 
50  times. 

Mr.  Kempster  B.  Miller  gave  some  of 
the  foregoing  facts  in  a  recent  address 
in  Chicago.  He  added  that  in  his  opin- 
ion the  automatic  telephone  system  is  a 
success  and  he  also  described  briefly  the 
semi-automatic  systems,  which  retain  a 
greatly  reduced  number  of  operators, 
but  place  at  their  disposal  automatic  ap- 
paratus in  the  exchange  for  making  and 
disconnecting  calls.  The  speaker 
thought  it  probable  that  in  large  cities. 
in  the  course  of  time  the  manual  appa- 
ratus will  be  superseded  by  automatic  or 
semi-automatic'  appliances,  but  probably 
the  telephone  operator  will  not  become 
altogether  extinct,  for  she  is  needed  in 
private  branch  exchanges  and  in  making 
toll  connections. 

Telegraphy   has   been   backward    com- 
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pared  with  telephony,  but  Mr.  Miller 
fthinks  that  high  speed  telegraphy  is 
surely  coming,  and  he  is  confident  that 
a  transmission  of  a  thousand  words  a 
minute  is  practicable. 

By  wireless  telephony  a  transmission 
of  300  miles  has  been  achieved,  and  it 


is  said  that  the  clearness  of  talking 
equals,  if  it  does  not  surpass  the  result 
in  telephoning  over  an  equal  length  of 
wire,  but  for  a  number  of  reasons  it  is 
not  thought  likely  that  "wireless"  will 
ever  supersede  communication  by  wire 
either  by  telegraph  or  telephone. 


A  SUN  POWER  PLANT. 


Heat  of  the  sun's  rays  falling  upon  the 
earth  represents  an  amount  of  energy 
that  is  almost  inconceivable.  This  ener- 
gy is  for  the  most  part  wasted  as  far  as 
its  mechanical  possibilities  are  concerned, 
but  as  coal  becomes  more  scarce  and 
higher  in  price  the  rays  of  the  sun  will 
undoubtedly  be  turned  to  account.  Some 
courageous  inventors  are  even  now 
working   in   this    direction   and   various 


Fig.  2  is  a  diagram  showing  the 
scheme  upon  which  the  system  operates 
and  Fig.  1  is  a  view  of  the  160,000 
square  foot  water  heating  reservoir. 
Water  in  the  reservoir  is  three  inches 
deep  and  there  is  a  dead  air  space  be- 
tween it  and  the  glass  cover.  It  has  been 
found  that  the  water  will  attain  a  tem- 
perature of  202  degrees  F.,  not  far  be- 
low the  boiling  point. 


FIG.    1.      WATER  HEATING    RESERVOIR   OF    SUN    POWER   PLANT. 


types   of   sun   power   plants    have    been 
built  with  more  or  less  success. 

A  unique  experimental  plant  of  this 
kind  has  been  constructed  near  Philadel- 
phia which  is  said  to  be  capable  of  de- 
veloping considerable  power.  The  plan 
employed  consists  in  exposing  to  the  di- 
rect and  unconcentrated  rays  of  the  sun, 
under  glass,  a  body  of  heat  absorbing 
liquid,  such  as  water,  then  storing  up 
this  liquid  and  subsequently  using  its 
energy  in  an  engine  or  turbine  of  proper 
design  to  drive  an  electric  generator. 


Looking  at  Fig.  2  it  will  be  seen  that 
the  hot  water  is  brought  from  the  reser- 
voir, marked  A,  through  a  pipe  (M)  to 
the  turbine  (B),  which  carries  on  its 
shaft  an  electric  generator.  A  partial 
vacuum  is  obtained  in  a  chamber  in  the 
turbine  by  vacuum  pumps  shown  in  the 
lower  part  of  the  diagram.  This  partial 
vacuum  brings  the  pressure  low  enough 
so  that  the  incoming  hot  water  at  202  de- 
grees F.  will  boil  and  go  into  steam  in 
the  same  manner  that  water  will  boil  at 
comparatively  low  temperatures  in  high 
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FIG.   2.       SHOWING    THE    PRINCIPLE    OF     THE    SUN   POWER   PLANT. 


altitudes  where  the  air  pressure  is  low. 
The  steam  so  formed  is  used  to  turn  the 
low  pressure  steam  turbine  and  so  turn 
the  dynamo.  > 

The  large  tank  at  the  right  stores  the 
cold  water,  which  is  returned  to  the  res- 
ervoir during  the  night. 


One  end  of  this  tunnel  will  open  in  the 
state  of  Montana  and  the  other  will  land 
the  traveler  in  Idaho. 


ELECTRIC    RAILROADING    ON    A  LARGE 
SCALE. 

It  is  not  generally  known  that  over 
the  800  miles  of  mountain  stretches  of 
the  new  Pacific  Coast  extension  of  the 
Chicago,  Milwaukee  and  St.  Paul  Rail- 
road, electricity  is  to  be  used  as  the  mo- 
tive power,  and  the  engines  will  be  200- 
ton  electric  locomotives.  Down  the  sides 
of  the  Bitter  Root  mountains  are  pour- 
ing a  sufficient  number  of  streams  to  fur- 
nish abundant  power  for  all  of  the  elec- 
tric locomotives  which  the  St.  Paul  will 
need  to  handle  its  trains  over  the 
mountain  division.  These  streams  are  to 
be  harnessed  at  the  cost  of  millions.  The 
boldness  of  conception  and  the  unobtru- 
sive way  in  which  the  work  is  being  exe- 
cuted challenge  admiration.  Through 
the  fastnesses  of  the  Bitter  Root  range  a 
tunnel  8,750  feet  long  is  being  construct- 
ed by  electrical  power  and  through  it  will 
be  operated  electrically  propelled  trains. 


FULGURITES. 

Fulgurites,  as  they  are  called,  are 
found  in  sand  and  consist  of  tubes,  both 
simple  and  branched,  which  are  lined 
with  vitrified  silica.  There  was  once 
some  doubt  as  to  their  origin,  but  it  is 
now  known  that  they  are  formed  by 
lightning  striking  in  the  sand  and  melt- 
ing the  latter  so  as  to  make  the  strange 
formations.  Artificial  fulgurites  have 
been  formed  by  discharging  electric  con- 
densers of  high  capacity  through  the 
sand. 


BAKING  BY  ELECTRICITY. 

The  largest  electrical  cooking  device 
in  actual  use  is  an  electric  bake-oven  at 
Marseilles,  France.  This  furnace  stands 
over  six  feet  high  and  has  two  compart- 
ments, one  above  the  other,  each  of 
which  is  heated  by  electric  currents 
passing  through  resistance  coils.  The 
cost  of  baking  50  pounds  of  bread  is  less 
than  50  cents.  Among  its  advantages 
are  rapidity  of  action,  even  temperature. 
absence  from  fire  dangers,  and  precise 
control. 


POPULAR  ELECTRICITY  WIRELESS  CLUB. 

Membership  in  Popular  Electricity  Wireless  Club  is  made  up  of  readers  of  this  maga- 
zine who  have  constructed  or  are  operating  wireless  apparatus  or  systems.  Membership 
blanks  will  be  sent  upon  request.  This  department  of  the  magazine  is  devoted  to  the  in- 
terests of  the  Club  and  members  are  invited  to  assist  in  making  it  as  valuable  and 
interesting  as  possible,  by  sending  in  descriptions  and  photographs  of  their  equipments. 


WIRELESS  TELEPHONE  RECEIVERS. 


BY   ALFRED    P.    MORGAN. 


Probably  the  telephone  receiver  is  the 
most  sensitive  electrical  instrument  in 
existence.  A  pair  of  high  resistance 
telephones  which  are  in  nice  adjustment 
will  detect  a  smaller  current  than  the 
most  sensitive  galvanometer. 

In  choosing  a  telephone  receiver  for 
wireless  the  best  one  is  that  type  having 
what  are  known  as  consequent  poles. 
That  is,  the  permanent  magnet  is  in  the 
form  of  a  ring  as  in  Fig.   I.     The  ad- 


fine  silk  covered,  pure  copper  magnet 
wire,  no  larger  than  No.  40  B.  and  S. 
This  will  increase  the  number  of  turns 
and  likewise  the  resistance.  But  it  must 
not  be  inferred  that  high  resistance  is  a 
thing  to  be  desired.  This  is  a  common 
error  of  amateurs  who  do  not  under- 
stand the  underlying  principle  of  elec- 
tricity; that  the  strength  of  an  electro- 
magnet varies  directly  as  the  product  of 
the  number  of  turns  of  wire  multiplied 


FIG.    1. 


FIG.    2. 


vantage  of  this  is  that  the  lines  of  force 
cannot  pass  across  the  pole  pieces  of  the 
electromagnets  before  passing  through 
the  diaphragm,  as  they  are  liable  to  do 
in  the  horseshoe  type  shown  in  Fig.  2. 

The  ordinary  low  priced  and  low  re- 
sistance telephone  receiver  is  all  right 
for  the  telephone  work  for  which  it  was 
made  and  adjusted.  Although  it  will 
work  on  a  wireless  system  as  it  stands,  it 
may  be  improved  by  carefully  following 
the  directions  given  below. 

The  first  and  principal  objection  to 
the  ordinary  75-ohm  receiver  is  that  it 
does  not  contain  enough  turns  of  wire 
on  its  bobbins.  This  is  easily  remedied 
by  carefully  rewinding  them  with  a  very 


by  the  amperes  flowing  through  the 
magnet.  When  we  wind  a  telephone 
with  finer  wire  we  increase  the  resist- 
ance which  cuts  down  the  current  and 
therefore  the  strength  of  the  magnet. 
But  this  is  counteracted  and  an  increase 
in  magnet  strength  results  when  copper 
wire  is  used,  for  the  number  of  turns 
then  increases  faster  than  the  resistance 
until  the  circumference  of  the  outside 
layer  becomes  twice  as  great  as  the  cir- 
cumference of  the  first  layer.  The  wind- 
ing should  not  be  carried  beyond  this 
point. 

The  Navy  Department  specifies  that 
its  wireless  receivers  shall  be  wound 
with  silk  covered  copper  wire  of  not  less 
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than  0.0015  inch.  The  diaphragm  to 
have  a  diameter  of  one  and  three-quarter 
inches  and  a  thickness  of  0.004  inch. 
The  resistance  of  the  coils  is  given  at 
from  1,000  to  1,100  ohms.  This  has 
been  found  to  be  the  best  winding  for 
use  with  most  detectors,  except  the  Mar- 
coni magnetic  type,  in  connection  with 
which  a  low  resistance  receiver  gives  the 
best  results. 

The  second  objection  to  the  ordinary 
telephone  is  that  the  diaphragms  are 
very  often  too  thick.  A  receiver  having 
a  thin  diaphragm  is  preferable  to  that 
having  a  thick  one  because  when  a  weak 
current  is  sent  through  the  coils  the 
change  in  strength  of  the  permanent 
magnet  is  greater.  But  this  may  be 
carried  to  excess  and  the  diaphragm 
made  so  thin  that  it  cannot  absorb  suffi- 
cient line  of  force  to  properly  play  its 
part.  The  best  thickness  for  a  dia- 
phragm can  only  be  determined  experi- 
mentally, as  it  depends  altogether  on  the 
diameter  and  thickness. 

The  distance  from  the  poles  and 
strength  of  the  magnets  also  have  a 
bearing  on  the  thickness  to  be  used.  The 
ordinary  telephone  will  give  good  tones 
and  be  very  sensitive  with  diaphragms 
from  0.01  to  0.005  inch  in  thickness. 

The  relation  between  thickness  and 
diameter  is  shown  by  the  following:  If 
the  diaphragm  of  a  receiver  is  increased 
in  diameter  the  tones  will  become  more 
distinct  but  if  the  increase  is  carried  too 
far  they  become  indistinct  and  the  rem- 
edy is  to  thicken  the  diaphragm.  Like- 
wise if  after  clearness  is  secured,  the 
diaphragm  is  thickened  so  that  the  tones 
again  become  indistinct,  the  diameter 
must  be  increased.  Telephones  which 
are  small  in  diameter  and  therefore  have 
small  diaphragms  are  liable  to  give  in- 
distinct tones. 

The  third  objection  is  that  such  re- 
ceivers are  not  adjusted  properly.  The 
adjustment  is  also  a  matter  of  experi- 
ment and  is  generally  done  by  compari- 
son of  the  receiver  in  question  with  one 
which  is  known  to  be  in  a  sensitive  con- 
dition. The  adjusting  is  done  by  means 
of  a  special  tool  as  shown  in  Fig.  3. 
This  tool  is  easily  made  from  an  ordi- 
nary file  by  grinding  off  the  teeth  on  one 
side  save  for  a  distance  of  about  three- 
quarters  of  an  inch  in  the  middle.     The 


grinding  may  be  done  on  an  emery 
wheel.  The  part  (a)  is  used  for  filing 
the  pole  pieces  and  thus  making  the  dis- 
tance between  them  and  the  diaphragm 
greater.  The  idea  of  the  tool  is  to  per- 
mit the  poles  to  be  filed  easily  without 
removal  from  the  receiver  case  and 
without  grooving  the  diaphragm  bed,  or 
the  edge  of  the  receiver  case. 

To  lessen  the  distance  between  the 
poles  and  the  diaphragm,  lay  the  receiv- 
er,  bed   downward,   on  a  piece  of  fine 
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FIG.    3. 

emery  paper,  and  rub  with  a  circular 
scouring  motion.  If  the  emery  paper  is 
placed  on  a  perfectly  flat  surface  no 
trouble  will  be  experienced  in  grinding 
the  bed  down  evenly.  In  filing  the  pole 
pieces  rub  with  a  firm  circular  motion  so 
as  to  grind  off  all  points  evenly.  Test 
from  time  to  time  by  passing  a  straight- 
edge over  the  bed  in  all  directions,  while 
holding  to  the  light  and  looking  between 
the  straight  edge  and  the  poles.  They 
should  be  made  perfectly  even  and  of 
the  same  height. 

In  case  you  have  a  pair  of  telephones 
which  were  in  good  condition  but  do  not 
give  their  former  results,  the  last  thing 
to  do  is  to  tamper  with  the  adjustment. 
The  cause  is  often  very  easily  remedied. 
The  most  common  fault  when  the  tones 
of  the  receiver  are  impaired  is  caused 
by  filings  and  dirt  or  dust  accumulating 
on  the  poles  and  damping  the  vibrations 
of  the  diaphragm.  The  cap  should  be 
carefully  unscrewed  and  the  diaphragm 
examined  to  see  if  it  is  bent.  If  bent  re- 
place it  with  a  new  one  of  the  same  size. 
Remove  any  dust  or  filings,  and  if  the 
diaphragm  is  rusty  clean  it  by  laying  it 
on  a  flat  surface  and  rubbing  with  a 
piece  of  fine  emery  paper.  Then  give  it 
a  thin  coat  of  varnish  or  lacquer.  The 
magnets  and  poles  should  be  examined 
to  see  if  they  have  not  become  loose  and 
allow  the  poles  to  touch  the  diaphragm. 

The  trouble  may  be  that  the  per- 
manent magnets  have  lost  part  of  their 
magnetism,  and  almost  every  receiver 
which  has  been  used  any  length  of  time 
will  bear  having  its  magnets  strength- 
ened. 
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If  the  magnets  are  found  to  be  weak 
they  should  be  removed  and  mag- 
netized. This  is  done  by  winding  a  coil 
of  wire  around  them  and  sending  a 
heavy  direct  current  through  the  coil 
for  a  minute. 

In  carrying  out  any  of  the  suggestions 
let  me  advise  working  with  one  receiver 
at  a  time  and  keeping  one  for  compari- 
son, so  that  by  repeated  tests  you  may 
tell  whether  or  not  an  improvement  is 
being  made,  and  when  well  enough  is 
reached  let  it  alone. 


HOW  TO  MAKE  A  TUNING  COIL. 

BY   LOUIS  DIETERICH. 

This  tuning  coil  comprises  a  secondary 
coil  wound  over  a  primary  coil.  The 
primary  coil  being  of  the  usual  type. 
This  will  be  made  clear  by  reference  to 
the  diagram,  from  which  it  will  be  seen 
that  on  a  suitably  insulated  core  (a),  a 
primary  coil  (b)  is  wound.  The  coil 
(b)  is  wound  with  ordinary  bell  wire  of 
a  size  about  No.  18.     After  the  primary 


coil  has  been  wound  it  is  scraped  bare 
of  insulation  as  at  (c)  to  form  a  bare 
strip  running  parallel  with  the  length  of 
the  coil. 

The  secondary  coil  is  next  slid  into 
place  as  shown  at  (d),  the  secondary  coil 
being  wound  in  the  form  of  a  bobbin, 
with  fine  wire  about  the  size  No.  30.  A 
metallic  bar  is  then  secured  to  the  insu- 
lated heads  of  the  coil  and  held  parallel 
to  the  scraped  part  of  the  coil  as  shown 
at  (e).  The  primary  is  wound  with  a 
great  number  of  turns,  while  the  sec- 
ondary contains  but  comparatively  few 
turns. 

A  sliding  contact  makes  engagement 
between  the  rod  and  the  scraped  part  of 
the  primary  in  the  usual  manner  and  one 
end  of  the  primary  coil  connects  to  the 
aerial  at  (A),  while  the  rod  connects 
with  the  ground  at  (G),  as  shown  in  the 
lower  part  of  the  diagram. 

The  ends  of  the  secondary  coil  are 
connected  one  to  a  condenser  (C)  and 
the  other  to  the  detector  (D).     The  de- 


VARIOUS    STEPS    IN    MAKING    A    TUNING 
COIL. 

tector  and  condenser  are  also  connected. 
The  receiver  (R)  is  connected  with  the 
detector  as  shown. 

To  make  a  working  coil  the  core  (a) 
should  be  about  14  inches  long  and  2^ 
inches  in  diameter  and  wound  with  one 
layer  of  No.  18  insulated  wire.  Over 
one  end  of  the  primary  (b)  is  fitted  a 
sleeve  of  heavy  paper,  on  which  the  sec- 
ondary is  wound  with  one  layer  of  No. 
30  insulated  wire  and  about  30  or  40 
turns. 
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EFFECT  OF  WIND  ON  WIRELESS  WAVES. 

The  effect  of  atmospheric  changes  on 
transmission  in  wireless  telegraphy  is  a 
subject  still  unsettled  and  being  studied. 
Mr.  Marconi  found  that  during  the  day 
on  water,  700  miles  equaled  1,500  miles 
at  night.  He  believed  that  daylight 
weakened  the  medium  of  transmission. 
Aside  from  this  we  know  that  with  good 
insulation  electric  transmission  is  at  its 
best.  Reason  thus,  when  air  becomes  a 
poor  conductor,  energy  is  dissipated. 
At  15  pounds  pressure  air  is  almost  a 
perfect  dielectric.  At  35  miles  above  the 
earth  it  becomes  as  good  a  conductor  as 
a  mixture  of  three  parts  of  sulphuric 
acid  and  one  part  water.  Indirectly  air 
movements  or  wind  may  assist  in  mak- 
ing these  conditions. 

Capt.  Jackson,  of  the  U.  S.  Army, 
studied  the  effect  of  atmospheric  condi- 
tions on  wireless  and  found  that  in  fine 
weather,  when  the  barometer  showed  a 
lessening  air  pressure  and  a  storm  com- 
ing, the  signalling  distance  was  reduced 
to  one-third  that  of  normal  conditions. 
He  noted  that  damp,  dusty  winds  re- 
duced the  distance.  He  concluded  that 
in  both  cases  the  atmosphere  became  a 
better  conductor  and  so  dissipated  the 
energy  of  the  waves. 

Capt.  Wildman  in  Alaska,  found 
damp,  stormy  weather  a  difficult  time  to 
send  signals.  One  conclusion  which  he 
makes  in  his  notes  is  "that  there  is  some 
connection  between  the  wind  velocity 
and  the  traveling,  or  about  to  travel, 
electromagnetic  wave." 
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WIRELESS    SYSTEM    WITHOUT    AERIAL. 

Members  of  Popular  Electricity  Wire- 
less Club  will  no  doubt  be  interested  in 
knowing  how  to  receive  messages  with- 
out the  use  of  an  aerial.  The  diagram 
shows  one  method  that  may  be  employed. 
The  parts  of  the  system  are  as  follows : 
(D)  is  the  detector,  (B)  the  battery, 
(TR)  the  telephone  receiver,  (C)  the 
condenser.  A  tuning  coil  is  connected 
between  detector  and  ground. 

Connect  a  wire  from  one  binding  post 
of  the  detector  to  the  battery  and  from 
there  to  the  telephone  receiver.  From  the 
telephone  receiver  connect  to  the  other 
binding  post  of  the  detector.  Now  con- 
nect another  wire  from  the  condenser  to 
the  gas  pipe  in  your  cellar.     It  does  not 
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WIRELESS    SYSTEM   WITHOUT   AERIAL. 

make  any  difference  what  kind  of  a  de- 
tector you  use.  With  this  outfit  you 
should  be  able  to  receive  messages  for  a 
considerable  distance. 

E.  C.  Wagner. 


A  NEW  TRIUMPH  FOR  WIRELESS. 

Wireless  was  given  a  real  test  and 
one  which  will  fortify  its  position  almost 
more  than  any  accomplishment  up  to  the 
present  time,  when  it  saved  the  lives  of 
almost  a  thousand  people  on  the  fated 
steamer  Republic  which  collided  with 
the  Florida  on  January  23d.  The  story 
of  wireless  operator  Binns  on  board  the 
Republic,  his  coolness  and  devotion  to 
duty,  the  concentration  of  helping  ships 
from  miles  around  at  the  scene  of  the 
disaster,  made  possible  by  the  steady 
stream  of  messages  which  he  flung  to  the 
winds — all  this  is  an  interesting  story 
which  has  been  published  by  every  news- 
paper in  the  country. 

The  mystic  letters  of  the  code.  C.  O. 
D.  (ship  in  great  danger)  which  flew 
from  ship  to  ship,  and  were  relayed  from 
station  to  station,  causing  all  the  wireless 
operators  for  hundreds  of  miles  around 
to  "sit  up  and  take  notice."  and  to  listen 
for  more  definite  information,  did  a  great 
deal  on  that  fateful  occasion  to  prove  the 
worth  of  wireless.  What  ship,  be  she 
modern  liner  or  tramp,  can  afford  to  be 
without  wireless  equipment,  in  view  of 
Its  wonderful  life  saving  possibilities? 
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AN  ELASTIC  COHERER. 

Frederick  G.  Sargent  of  Westford, 
Mass.,  has  patented  a  coherer  which 
does  not  require  a  tapper,  decoherence 
being  obtained  through  the  agency  of 
an  elastic  substance  mixed  with  the  co- 
hering material. 

As  shown  in  the  diagram,  a  non-con- 
ducting base  (10)  is  provided,  upon 
which  are  mounted  two  metal  brackets 
(n)  and  (12).  On  the  bracket  (11)  is 
a  disk  (13),  of  carbon.  On  the  other 
bracket  is  mounted  an  adjusting  screw 
(14)  which  engages  the  end  of  the 
other  electrode  (15),  made  of  metal. 
The  electrode   (15)   is  provided  with  a 


WIRELESS  QUERIES. 

ANSWERED   BY  V.    H.    LAUGHTER. 


ELASTIC   COHERER. 

plug  (16)  on  which  is  mounted  a  glass 
tube  (17).  A  spring  forces  the  plug 
and  tube  apart  against  the  adjusting 
screw  (14)  and  holds  the  end  of  the 
glass  tube  against  the  face  of  the  car- 
bon disk. 

The  cohering  material  preferably  con- 
sists of  a  mixture  of  two  or  more  kinds 
of  fine  particles,  some  of  which  are  con- 
ducting and  others  non-conducting.  The 
conducting  particles  may  conveniently 
be  made  of  metal  such  as  zinc,  and  the 
other  particles  are  preferably  formed  of 
rubber  so  that  they  will  always  tend  to 
separate  the  conducting  particles  after 
the  cohering  action  has  ceased,  so  as  to 
de-cohere  them  automatically.  Any 
other  elastic  substance  may  be  sub- 
stituted for  the  rubber,  especially 
if  it  is  non-conducting,  and  in  fact 
the  other  parts  of  the  invention  can  be 
used  with  a  cohering  material  compris- 
ing a  conducting  substance,  such  as  car- 
bon mixed  with  the  metallic  particles. 


TWO    INCH    SPARK  COIL  FOR  110 
VOLTS  A.  C. 

Question — Would  it  be  feasible  to  make  a 
spark  coil  for  use  on  a  110  A.  C.  circuit  that 
would  give  a  2"  spark?— T.  M.  S.,  Jr.,  Mem- 
phis,   Term. 

Answer — It  would  be  next  to  impos- 
sible to  wind  a  coil  that  would  give  a 
two-inch  spark  on  the  no  volt  alternat- 
ing current.  This  is  taking  into  con- 
sideration the  limited  means  the  amateur 
has  for  accomplishing  the  delicate  work. 
For  your  purpose  we  would  recommend 
a  coil  of  the  type  described  in  the  article 
''How  to  Construct  a  Two-Mile  Wire- 
less Outfit"  in  the  November,  1908,  is- 
sue. It  will  be  necessary,  however,  to 
use  this  coil  with  direct  current  and  a 
vibrator. 


WIRELESS    DETECTOR,    MOTOR    OPERA- 
TION. 

Question — (A)  Will  you  kindly  tell  me  how 
a  simple  wireless  detector  is  made,  besides 
the  carborundum  or  silicon  detector?  (B) 
Where  can  I  buy  the  July  issue  of  Popular 
Electricity?  (C)  How  many  volts  and  am- 
peres would  I  get  out  of  a  half  horse  power, 
110  volt,  shunt  wound,  direct  current  motor, 
running  it  backward  at  the  rate  of  1200  revo- 
lutions per  minute? — C.  M.,  Kingsbridge,  N. 
Y. 

Answer — (A)  The  filings  coherer  is 
as  simple  a  detector  as  any,  and  consists 
of  two  1-16  inch  silver  plated  wires  in- 
serted in  the  ends  of  a  short  glass  tube 
until  their  ends  are  1-16  inch  apart.  The 
space  between  them  is  filled  with  metal 
filings,  preferably  silver  and  nickel.  The 
filings  must  be  decohered  after  each  im- 
pulse by  tapping  the  tube.  This  is  usually 
done  automatically  by  allowing  the  strik- 
er of  the  signal  bell  to  strike  the  tube. 

(B)  The  July  number  of  Popular 
Electricity  will  be  sent  on  receipt  of  ten 
cents. 

(C)  You  do  not  give  the  rated  or 
normal  speed  of  your  motor,  and  1,200 
revolutions  per  minute  is  rather  low.  It 
is  doubtful  if  the  machine  will  excite  at 
this  speed  as  a  dynamo.  A  shunt  wound 
machine  should  be  run  in  the  same  direc- 
tion as  either  dynamo  or  motor.  If  the 
machine  excites  you  may  get  50  volts 
and  1%  amperes.  Better  try  a  higher 
speed. 
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CLOSED  CORE  TRANSFORMER. 

Question. — I  wish  to  construct  a  closed  core 
type  transformer,  using  110  volts  in  the  pri- 
mary and  obtaining  20,000  volts  from  the  sec- 
ondary. 

Answer. — See  answer  to  C.  R.  P., 
this  issue.  

MOTORS;  SPARK  COILS. 

Questions — (A)  How  is  a  battery  motor 
reversed?  (B)  Will  any  kind  of  a  spark  coil 
do  for  wireless  work?  (C)  What  is  a  con- 
denser used  for,  and  is  it  necessary  to  use  one 
in  connection  with  a  spark  coil  for  wireless 
work? — J.  R,  San  Francisco.  Cal. 

Answers — (A)  This  is  usually  ac- 
complished by  reversing  the  field  connec- 
tions. 

(B)  Almost  any  of  the  types  that 
gives  a  spark  -above  ^4 -inch  will  answer. 

(C)  Condensers  are  put  to  such  a  va- 
riety of  uses  that  it  would  be  impossible 
to  give  the  total  list  here.  It  is  necessary 
to  use  the  condenser  with  the  spark  coil, 
whether  intended  for  wireless  work  or 
not.  The  condenser  is  connected  across 
the  vibrator  and  serves  to  take  up  the 
spark  at  the  contacts  in  the  form  of  a 
charge  and  discharges  back  through  the 
primary  winding. 


(D)  The  Donitz  wave  meter,  the 
Fleming  Cymometer,  the  Slaby  measur- 
ing rods,  are  all  used. 


CONSTRUCTION    OF    WIRELESS 
EQUIPMENT. 

Questions.— (A)  Will  you  please  tell  me 
how  to  make  a  250  watt  transformer?  (B) 
What  is  the  best  wire  to  use  for  the  aerial  of  a 
wireless  telegraph  station?  (C)  With  a  50 
foot  pole  how  far  would  I  be  able  to  receive 
with  a  250  ohm  receiver?  (D)  What  is-  the 
most  common  way  of  measuring  wave  length  ? 
— C.  R.  P.,  Los  Angeles,  Cal. 

Answers. —  (A)  The  construction  of 
a  250-watt  transformer  brings  in  quite 
a  lot  of  detail  matter  and  is  too  lengthy 
to  be  given  here.  We  would  refer  you 
to  the  article  "How  to  Make  a  High 
Frequency  Apparatus"  in  the  January, 
1909,  issue. 

(B)  Stranded  phosphor-bronze  wire 
is  employed  for  commercial  use.  For 
experimental  work  No.  14  bare  copper 
will  answer.  An  experimental  aerial  ar- 
rangement is  fully  described  in  the  arti- 
cle "Wireless  Telegraphy  Made  Sim- 
ple/' August,  1908,  issue  of  this  maga- 
zine. 

(C)  This  question  cannot  be  answered 
with  any  degree  of  accuracy.  As  an  esti- 
mate we  would  say  that  you  could  pick- 
up messages  from  the  commercial  sta- 
tions 50  miles  away. 


MOVABLE  PLATE  CONDENSER. 

Question. — Can  I  make  a  variable  condenser 
out  of  Vs  inch  brass  plate,  5%  inches  wide  and 
7  inches  long,  having  four  movable  and  four 
fixed  plates? — W.  S.  McL.,  New  Haven,  Conn. 

Anszver. — Metals  are  more  or  less 
good  conductors.  A  non-conductor  or 
insulator  must  be  used  for  plates.  Paraf- 
fined paper  or  glass  are  common.  Tin- 
foil tongues  from  alternate  plates  may 
run  to  wires  at  opposite  ends  respective- 
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VARIABLE    CONDENSER. 

ly.  By  using  glass  and  having  a  sliding 
spring  contact  on  these  tinfoil  tongues 
at  each  end,  any  plate  may  be  withdrawn 
at  the  side.  See  answer  to  A  Reader, 
Questions  and  Answers  Department, 
September  issue,  1908.  The  diagram 
shows  another  self-explanatory  method 
of  arranging  and  connecting  plates  so 
that  the  capacity  of  the  condenser  may 
be  varied  by  putting  in  or  removing 
brass  plugs. 


CONDENSER;  INDUCTION  COIL. 

Questions. —  (A)  How  many  sheets  of  tin- 
foil 5  inches  by  10  inches  mounted  on  glass 
plates  will  be  required  to  make  a  suitable  con- 
denser for  the  induction  coil  described  in  the 
article  "A  Two  Mile  Wireless  Set"  in  the  No- 
vember, '08.  issue?  (B)  How  many  feet  of 
wire  should  be  wound  in  each  section  of  the 
secondary  of  this  coil  and  what  size  should 
the  ends  for  the  case  be  cut?  (C)  Would  it 
help  to  fill  the  case  with  boiled  linseed  oil  and 
place  the  coil  in  it? — F.  S.  W.,  Delta,  Colo. 

Ansivers. —  (A)  Is  the  condenser  in 
question  to  be  used  across  the  vibrator 
contacts  or  in  the  oscillation  circuit?  Ad- 
vise us  on  this  point  so  that  we  can  give 
you  a  satisfactory  answer. 

(B)  There  will  be  approximately 
1.400  feet  to  the  section.  The  end  for 
the  case  should  be  cut  5  by  5  inches. 

(C)  By  placing  the  coil  in  linseed  oil 
you  will  have  a  guarantee  against  break 
downs.  This  method  is  recommended 
w  herever  possible. 
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WIRELESS  CODES. 

Question. — I  would  like  to  know  the  tele- 
graph code  in  use  by  wireless  operators. — A. 
G.  McL.,  St.  Boniface,  Man.,  Can. 

Below  are  given  the  Morse  and  Con- 
tinental codes. 


(B)   See  answer  to  D.  H.  in  the  Janu- 
ary, 1908,  issue. 
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CONTINENTAL 


NUMERALS 


PUNCTUATIONS.     ETC 


.    Period  -*  -  ■*-*"  — —  —  •—  ______ 

Comma  —  - -—  —  ■  -  —   —  —  —  

7    Interrogation  — -  —  —  — —  —  —  —  —  —  —  — 

i    Exclamation  ~—  —*—  —  -  —  —  -  —  — —  — — > 

MORSE  AND  CONTINENTAL  CODES. 

AERIAL  ELEVATION. 

Questions. —  (A)  Does  not  the  amount  of 
air  wire  increase  the  sending  efficiency  of  a 
wireless  set?  If  so,  how  far  would  a  V/z  inch 
spark  coil  send  with  a  150  foot  aerial  eleva- 
tion? (B)  When  I  connect  the  air  and  ground 
wire  to  my  coil  the  spark  is  cut  down  to  about 
%  inch.  Why  is  this?— E.  L.  S.,  Brooklyn, 
N.  Y. 

Answers. —  (A)  The  sending  efficiency 
under  certain  conditions  is  increased  by 
increasing  the  height  and  amount  of 
wire  used  in  the  aerial.  However,  when 
the  small  size  coils  are  used  an  aerial 
about  40  feet  in  height  gives  the  best 
results.  It  would  be  a  guess  on  our  part 
to  say  how  far  the  1^2  coil  would  send 
with  a  150  foot  aerial.  By  using  a  40- 
foot  aerial  you  could  probably  send  up  to 
two  or  three  miles. 


TUNING  COIL. 

Question — I  am  constructing  a  tuning  coil 
for  wireless  work  of  1000  meters  wave  length. 
May  No.  20  B.  &  S.  gauge  magnet  wire  be 
used,  and  should  same  be  single  or  double 
cotton   covered? — J.    S.   H.,   Shawnee,  Okla. 

Answer — The  No.  20  gauge  can  be 
used.  Either  single  or  double  cotton 
covered  will  answer. 


SPARK  COIL. 

Questions. —  (A)  How  can  I  make  a  1  inch 
coil  for  wireless  use?  (B)  Is  a  vibrator  nec- 
essary for  this  coil?  (C)  What  other  appara- 
tus would  be  necessary? — A.  E.  G.,  White 
Plains,  N.  Y. 

Answers. —  (A)  The  dimensions  of  a 
one-inch  spark  coil  are  as  follows:  Core 
yy2  inches  long,  %  inch  diameter,  wound 
with  two  layers  No.  16  double  cotton 
covered  wire  for  primary ;  secondary 
13^  pounds  No.  34  single  silk  covered 
magnet  wire;  condenser  33  5  by  6-inch 
foil  sheets  built  up  with  paraffine  paper. 
For  more  detailed  information  concern- 
ing the  construction  of  a  coil  we  refer 
you  to  the  article  on  "How  to  Construct 
a  Two-Mile  Wireless  Outfit,"  Novem- 
ber, 1908,  issue. 

(B)  Yes. 

(C)  We  would  refer  you  to  the  arti- 
cle "Wireless  Telegraphy  Made  Simple," 
May,  1908,  issue,  which  fully  explains 
the  operation  and  all  the  parts  used  in 
an  experimental  set. 


PECULIARITIES  IN  SPARKING   APPAR- 
ATUS. 

One  of  the  members  of  Popular  Elec- 
tricity Wireless  Club,  Mr.  William 
Weber,  of  Novinger,  Mo.,  has  noticed 
some  peculiarities  in  the  operation  of  his 
sparking  apparatus.  He  tried  making 
the  spark  gap  between  two  bodies  of 
mercury,  but  could  obtain  no  results 
whatever.  He  then  doubled  the  dis- 
tance, making  two  openings  in  the  cir- 
cuit, whereupon  two  sparks  would  jump 
across  the  double  gap.  The  spark  work- 
ed better  between  two  pieces  of  steel 
than  between  brass  or  copper,  and  seem- 
ed to  give  better  results  if  the  make  and 
break  were  slow.  He  would  like  the 
experience  of  other  members  of  the  club 
in  this  line. 


ELECTRICAL  MEN  OF  THE  TIMES. 

CHARLES  PROTEUS  STEINMETZ. 


In  sheer  intellectual  brilliance,  in 
grasp  of  the  principles  underlying  all 
forms  of  electrical  application,  in  versa- 
tility, Charles  Proteus  Steinmetz  of 
Schenectady,  N.  Y.,  consulting  engineer 
for  the  General  Electric  Company  and 
professor  of  electrical  engineering  in 
Union  University,  stands  in  the  very 
front  rank  in  his  profession  not  only  in 
the  United  States  but  in  all  the  world. 

Steinmetz  is  gifted  with  a  marvelous 
mind  and  is  a  most 
interesting  personal- 
ity. He  can  talk  off- 
hand on  the  most  ab- 
struse scientific  sub- 
jects with  a  fluency, 
clearness  and  cor- 
rectness which  are 
simply  amazing  not 
merely  to  ordinary 
folks,  but  to  special- 
ists as  well.  Whether 
the  subject  be  his- 
tory, political  econ- 
omy, chemistry,  as- 
tronomy, meteorol- 
ogy, the  theory  of  al- 
t  e  r  n  a  ting  currents, 
electrification  of  rail- 
roads, high-efficiency 
electric  lamps,  tele- 
phone  engineering, 
electrochemistry,  or 
the  latest  slant  in  na- 
tional or  world  poli- 
tics, apparently  it  is 
all  one  to  Steinmetz.  Seemingly  all 
knowledge  is  his  province,  as  was  said 
of  Macaulay. 

And  yet  this  man's  work  is  essentially 
practical.  He  is  no  mere  spinner  of 
theories.  Like  Edison,  he  wants  to  know 
if  the  thing  will  work.  He  is  often 
called  into  conference  with  keen,  prac- 
tical men  of  affairs,  and  his  sound,  sen- 
sible advice  is  highly  valued.  He  is  one 
of  the  finest  mathematicians  in  the  coun- 
try, but  he  is  credited  with  having  said : 
"Mathematics  is  valuable  only  to  obtain 
results.  Mathematics  for  mathematics' 
sake     is     foolishness."     His     inventions, 


principally  electrical,  run  into  the  hun- 
dreds, but  they  are  all  directed  to  some 
useful  purpose,  never  merely  showy  or 
fantastic.  They  embrace  generators  and 
motors,  systems  of  electrical  distribution, 
various  forms  of  lamps,  both  arc  and  in- 
candescent, steam  turbines,  lightning 
protection,  motor  control  and  devices  of 
various  kinds.  One  of  the  latest  related 
to  an  arrangement  of  arcs  for  producing 
nitrous  compounds  from  the  atmosphere. 
Dr.  Steinmetz  was 
born  in  Breslau,  Ger- 
many, in  1865.  He 
was  a  student  in  the 
university  of  his  na- 
tive city,  but,  em- 
bracing socialistic 
opinions,  he  dis- 
pleased the  authori- 
ties, and  thought  it 
wise  to  leave  sudden- 
ly for  Zurich,  Switz- 
erland, where  he  con- 
tinued his  studies  in 
chemistry,  physics 
and  electricity  in  the 
university  at  that 
place.  Forming  a 
close  friendship  with 
an  American,  the 
whole  course  of  his 
life  was  changed,  and 
he  came  to  the  Unit- 
ed States  in  1889. 
practically  penniless 
and  unknown.  He 
studied  English  in  the  steerage.  He  se- 
cured employment  with  Rudolph  Eieke- 
meyer,  the  electrical  inventor,  as  a 
draftsman  at  $12  a  week.  When  the 
Eickemeyer  works  were  sold  to  the  Gen- 
eral Electric  Company  four  years  later 
Steinmetz  was  perhaps  the  most  valuable 
acquisition  secured  by  the  latter  com- 
pany. Now  the  man  who  formerly 
cooked  his  own  meals  in  modest  lodg- 
ings in  Brooklyn  is  perhaps  the  tore- 
most  electrical  engineer  in  the  country, 
with  a  finely  appointed  laboratory,  a 
large  staff  of  assistants  and  a  salary  so 
ample  that  he  is  reported  to  have  re- 
fused an  increase  offered  him. 


W*4      IN  TH& 

HOUSEHOLD 


A  MODERN    AEOLUS. 


Aeolus  lived  in  the  Aeolian  Islands 
and  gathered  the  winds  in  an  ox  hide 
sack  to  be  liberated  at  will  to  do  his  bid- 
ding. If  this  mystic  progenitor  of  the 
great  Aeolic  race  were  to  visit  the  earth 
again  he  would  be  apt  to  say  that  the 
people  of  the  Electric  Age  had  stolen  his 


clean,  or  trying  to.  But  with  the  wide- 
spread use  of  electricity  in  the  home 
which  presents  a  source  of  power,  ready 
at  all  times,  the  electric  vacuum  cleaner 
has  sprung  into  prominence. 

Several  types  of  these  machines  have 
already   been   described   in   this   depart- 


APPLICATION  OF  THE  MASSAGE  ATTACHMENT. 


ideas,  so  remarkable  has  been  the  devel- 
opment of  electric  vacuum  cleaning  de- 
vices. Three  thousand  years  ago  the  tem- 
ples of  Pharoah  were  swept  with  brooms 
and  up  to  the  last  few  years  this  humble 
implement  solved  the  problem  of  keeping 


ment,  but  here  is  a  new  one  which  not 
only  performs  the  ordinary  duties  of  the 
vacuum  cleaner,  but  also  has  attach- 
ments for  cleaning  especially  difficult 
places,  for  cleaning  clothing  and  uphol- 
stery and  also  for  massage  purposes.    It 
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PORTABLE   VACUUM    MACHINE. 

has  ten  tools  or  attachments  for  various 
purposes. 

The  device  consists  of  a  rubber-tired 
truck  with  a  conveniently  arranged  han- 
dle-bar, and,  weighing  about  75  pounds, 
it  can  be  easily  wheeled  to  any  portion 
of  the  house  where  cleaning  is  to  be  car- 
ried   on.     A    %  -horsepower    motor    is 


geared  to  a  rotary  pump.  The  motor  is 
connected  to  an  ordinary  lamp  socket  by 
a  flexible  cord,  and  either  direct  or  al- 
ternating current  may  be  utilized. 

It  is  operated  at  1,800  revolutions  per 
minute,  and  by  suitable  gearing  this 
speed  is  reduced  to  300  revolutions  per 
minute  in  the  case  of  the  pump,  which 
acts  as  a  positive  blower. 


CLEANING    CLOTHING    WITH     THE    VACU- 
UM  OUTFIT. 


CLEANING      THE      DIFFICULT      CORNERS 
WITH    A     SPECIAL     TOOL. 

The  air  is  forcibly  drawn  into  a  dust 
separating  and  collecting  tank  and  again 
returned  to  the  atmosphere  of  the  room, 
through  a  muffler  device,  after  all  dust 
and  foreign  matter  has  been  removed  in 
the  tank. 

The  housemaid  rolls  the  cleaner  into 
one  corner  of  the  room,  attaches  the 
cord  to  the  lamp  socket,  unwinds  a  rub- 
ber hose,  connected  to  the  tank,  and  at- 
taches to  this  hose  one  of  the  cleaning 
nozzles  or  tools.  The  electric  current 
operates  the  little  motor,  and  at  once  the 
vacuum  pump  begins  to  revolve,  creat- 
ing a  strong  suction  at  the  tool  at  the 
end  of  the  hose.  The  tool  is  passed  over 
the  floor  or  curtains  or  furniture,  or 
whatever  is  to  be  cleaned,  and  the  dust 
is   screened   out   through   a   bag   in   the 
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R/MOVING    DUST    FROM    UPHOLSTERY. 

tank  and  is  collected  in  a  receptacle  be- 
neath. Later  it  is  taken  away  and  pref- 
erably burned. 

One  of  the  tools,  for  instance,  is  a 
carpet  and  rug  sweeper,  another  an  up- 
holstery and  stair-carpet  cleaner,  while 
others  are  arranged  to  clean  the  edges 
of  stair  steps,  tiles  and  floors,  tuft  but- 
tons in  furniture,  drapery  and  curtains, 
wall  paper  and  clothing.  Still  other  ar- 
rangements to  the  same  machine,  as 
mentioned  above,  operate  tools  for  facial 
or  body  massage.  It  is  said  that  the 
whole  machine  operates  at  a  cost  of 
three  cents  an  hour  for  electric  current. 

Of  course  the  great  advantage  in  elec- 
trical cleaning  is  that  the  dust  and  dirt 
are  entirely  removed  from  the  room  and 
taken  away.  In  ordinary  cleaning  by 
hand  the  dirt  is  usually  simply  dislodged 
by  the  broom  or  duster  to  settle  in  a 
new  place,  with  its  countless  germs  and 
possibilities  of  diseases. 


"MAMMY"  WAS  SURPRISED. 

A  private  electric  plant  had  just  been 
installed  in  the  sunny  southland  and  the 
plantation  buildings  were  wired  for  elec- 
tric lights  and   electric  heating  devices. 

A  shiny  nickel-plated  coffee  percola- 
tor was  brought  out  on  the  front  porch 
and  placed  on  a  small  table  and  connect- 
ed to  one  of  the  lighting  fixtures.  When 
all  was  ready  the  old  negro  "Mammy" 
was  invited  to  come  and  inspect  the  new 
device.  The  old  woman's  pipe  was  filled 
and  as  she  smoked  she  was  shown  the 
new  device,  but  no  explanations  of  its 
mysterious  powers  were  added  as  the 
current  was  turned  on.  A  few  minutes 
later  the  aged  negress  began  to  look 
quickly  under  and  around  the  table. 

"Fo'  de  Lawd,  honey,  wh'  dat  steam 
comin'  frum,"  she  exclaimed  when  the 
percolator  began  to  boil.  "Dat  dish  am 
voodoo  shur',  to  boil  wid  out  no  fiah." 

It  was  several  minutes  before  her 
alarms  were  quieted  and  she  was  con- 
vinced the  boiling  was  not  the  work  of 
spirits.  When  she  was  handed  a  cup  of 
steaming,  aromatic  coffee  she  refused 
both  sugar  and  milk  saying :  "Ah  jus' 
want  de  pure  'lectric  coffee." 

And  then  they  went  to  the  laundry 
where  "Mammy's"  daughter  Julie  was 
looking  doubtfully  at  the  electric  iron. 

"Go  ahead,  Julie,"  said  the  mistress. 

"But  muh  iron  ain'  hot,"  she  an- 
swered. 

"Yes  it  is,  Julie.     Try  it  and  see." 

Julie  tried  the  iron  and  was  aston- 
ished to  find  that  it  was  "sissing"  hot. 
A  few  minutes  later  when  the  mistress 
called  Julie  she  answered,  "Law,  Missus, 
ah  hasn't  time.  Ah  has  ter  run  dis  here 
iron ;  I'se  afeared  it  might  get  col'." 

For  upwards  of  30  years  a  small  flour 
mill,  of  35  barrels  a  day  capacity,  has 
been  busy  operating  at  Catawba  Mills, 
an  active  little  hamlet  three  miles  west 
of  Fincastle  in  Virginia.  The  mill  is 
driven  by  a  turbine  water  wheel  of  20 
horse-power.  A  year  and  a  half  ago  a 
member  of  the  family  chanced  to  visit 
the  plant  of  one  of  the  great  electrical 
manufacturing  companies  at  Schnec- 
tady,  N.  Y.,  where  he  was  told  the  pos- 
sibilities of  the  utilization  of  small  water 
power  for  private  electrical  plants,  and 
it  was  not  long  before  he  was  figuring 
on   securing  an   electric  generator. 


ADVANTAGES  OF  FLAMELESS  COOKING. 


BY  JANE   STANNARD   JOHNSON. 


With  the  approach  of  the  spring  and 
summer  seasons,  the  woman  who  must 
do  much  of  her  own  cooking  turns  to 
electricity  for  relief.  In  the  great  va- 
riety of  electrical  utensils  now  made  for 
household  use,  every  culinary  need  is 
supplied.  It  is  surprising  the  number  of 
ways  in  which  electricity  is  adapted  to 
the  household  tasks. 

The  most  complete  method  of  install- 
ing electricity  for  cooking  is,  of  course, 
the  electrical  range.  Its  top,  which  looks 
like  an  ordinary  kitchen  table,  is  of  slate 


ed.  With  the  oven,  the  current  may  be 
turned  off  10  or  15  minutes  before  the 
baking  is  completed.  The  oven  is  regu- 
lated for  three  different  degrees  of  heat. 
For  baking  bread,  1200  are  required, 
while  for  meat  3500  to  4000  are  neces- 
sary. A  controller  allows  the  heat  to  be 
gauged  with  absolute  accuracy. 

For  a  less  elaborate  installation  there 
is  a  less  expensive  and  very  simple 
method.  The  wires  may  be  brought 
through  the  kitchen  wall,  providing  one 
attachment   for  each  vessel  to  be  used. 


THE   JAPANESE   COOK  IN  HIS   ELECTRICAL   DOMAIN. 


or  marble.  The  electric  wires  pass 
through  the  wall  at  the  back,  and  are 
placed  under  the  bed  of  the  range  so  as 
to  supply  current  to  each  vessel  in  use. 
By  merely  turning  a  button,  the  current 
is  on  and  the  heat  ready. 

In  this  kitchen,  the  Japanese  cook  has 
pastry  and  biscuits  baking  in  the  oven, 
while  meat  and  vegetables  are  cooking 
on  the  body  of  the  range.  The  economy 
of  electricity  lies  in  the  fact  that  the  cur- 
rent may  be  applied  to  the  vessel  in  use, 
and  be  turned  off  when  no  lonsrer  want- 


The  cooking  utensils  are  then  placed  on 
an  ordinary  kitchen  table,  and  the  elec- 
trical cord  attached  to  each.  Very  odd 
indeed  it  looks  to  see  these  pans  and  ket- 
tles steaming  and  boiling,  with  no  sign 
of  heat  or  fire  near,  the  only  thing  to 
identify  them  as  anything  but  handsome 
nickel  cooking  utensils  being  the  cord 
attached  at  the  bottom,  and  leading  to 
the  baseboard  where  the  wires  are  con- 
nected. 

The    time    varies    for    heating    the   in- 
dividual  dishes.      A   griddle  will   heat   in 
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five  minutes  or  a  trifle 
less,  while  a  broiler  will 
require  about  10  min- 
utes; and  it  will  take  15 
or  20  minutes  to  boil  a 
quart  of  water.  In  pre- 
paring- breakfast,  the 
cooking-  may  be  so  esti- 
mated as  to  have  every 
dish  ready  on  minute 
schedule,  each  one  hot 
when  wanted  to  serve ; 
for  electricity  is  always 
on  tap,  and  can  be  in- 
stantly utilized  by  turn- 
ing the  button. 

A   portable   "stov  e" 
is    a-  great    conve- 
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nience  in  using  the  style  of  installation 
just  mentioned.  This  stove  consists  of 
a  piece  of  steel  about  half  an  inch  thick, 
round,  square  or  oblong,  with  a  lever 
underneath  for  regulating  the  heat.  It 
comes  in  several  sizes,  from  3%  to  15 
inches  in  diameter,  and  the  oblong  ones 
ranging  accordingly.  The  larger  stove 
will  hold  several  vessels,  and  any  ordi- 
nary kitchen  ware  may  be  used ;  but  it  is 
important  that  each  piece  have  a  flat 
bottom,  to  utilize  the  heat  to  the  fullest 
advantage. 

Where  a  house  is  equipped  with  elec- 
tricity for  lighting  purposes  only,  elec- 
trical cooking  may  still  be  indulged  in, 
for  the  current  from  the  lighting  system 
is  sufficient  to  heat  most  of  the  individ- 
ual pieces,  including  the  43/2-inch  stove. 
Quite  extensive  housekeeping  may  be 
carried  on  with  only  two  or  three  elec- 
trically attached  utensils.  These  are 
specially  desirable  if  a  coal  range  is  used 
instead  of  gas. 

For  using  the  lighting  current,  elec- 
trical utensils  are  specially  designed. 
For  instance,  the  double  boiler  is  an 
ideal  arrangement  for  cooking  break- 
fast. While  the  cereal  is  cooking  in  the 
top  boiler,  the  eggs  will  boil  in  the  lower 
one.  If  a  slow  cooking  cereal  is  being 
prepared,  water  for  coffee  may  be  boiled 
in  the  lower  boiler  and  the  eggs  cooked 
afterward,  and  both  will  be  ready  by  the 
time  the  cereal  is  ready  to  serve. 

Another  pot  made  on  the  same  prin- 
ciple, but  differently  constructed,  is  the 
one  with  a  partition  across  the  middle, 
cutting  the  space  into  half.  This  is  con- 
venient in  preparing  a  dinner.  Two 
vegetables  may  be  cooked  at  the  same 
time,  and  a  pudding  or  custard  will 
steam  on  the  top  meanwhile. 

There  are  still  other  electrical  cook- 
ing devices  which  may  be  used  on  the 
dining  table,  and  the  dishes  be  prepared 
actually  while  you  wait.  The  chafing- 
dish  we  have  with  us  always,  but  it  is 
more  or  less  of  a  nuisance  with  alcohol 
as  a  fuel.  With  the  electric  chafing  dish 
there  is  no  alcohol  to  spill  over  or  burn 
out  at  the  wrong  time,  nor  is  there  any 
danger  of  setting  something  afire,  and  a 
uniform  heat  may  be  maintained  as  long 
as  it  is  wanted.  For  a  supper  at  home 
or  when  entertaining  friends,  it  is  not 
necessary  to  go  into  the  kitchen  to  pre- 


pare oysters,  rarebit  or  any  of  the  de- 
licious dishes  suitable  for  the  occasion. 
These  may  all  be  prepared  on  the  dining 
table,  the  hostess  or  some  obliging  man 
presiding  over  the  cooking. 

If  coffee  is  to  be  served,  the  electric 
percolator  will  automatically  make  the 
coffee  without  the  intervention  of  any- 
one. The  ground  coffee  and  water  are 
first  accurately  measured  and  put  into 
the  percolator.  The  heat  is  then  turned 
on,  and  as  the  temperature  rises,  the 
water  is  forced  up  and  automatically 
drips  over  the  coffee  grounds  until  the 
strength  is  fully  extracted.  The  coffee 
may  then  be  kept  hot  until  the  last  cup 
is  called  for,  by  turning  the  heat  regu- 
lator to  the  point  where  the  minimum 
current  will  be  supplied.  Coffee  is  served 
from  the  percolator  by  a  faucet. 

Another  improvement  of  the  kitchen  is 
the  electrical  refrigerator.  The  ice  man 
is  a  creature  of  the  past  in  the  electric 
household.  The  refrigerator  is  kept  cold 
by  artificial  means,  and  operated  by  elec- 
trical appliance,  at  the  same  time  freez- 
ing enough  ice  for  daily  table  use. 

The  cost  of  electricity  for  cooking  is 
a  very  important  item  to  those  contem- 
plating its  use.  The  impression  is  abroad 
generally  that  electricity  is  very  ex- 
pensive, and  the  first  question  always  is, 
What  will  it  cost?  The  cost  is  depend- 
ent to  some  extent  upon  conditions.  The 
operator,  too,  must  be  taken  into  con- 
sideration in  estimating  the  cost,  for  one 
may  use  the  maximum  and  another  the 
minimum  of  heat  to  secure  the  same  re- 
sults. 

It  is  stated  by  persons  of  authority 
upon  the  subject  that  if  electricity  be 
used  with  the  same  care  as  gas,  and 
with  proper  attention  to  the  controlling 
gauge,  that  it  will  cost  no  more  than  gas 
as  a  fuel. 

One  other  erroneous  belief  is  that  a 
person  using  electricity  is  liable  to  re- 
ceive a  shock  in  handling  the  utensils. 
There  is  no  danger  of  this,  as  thorough 
insulation  has  been  provided  to  prevent 
possible  injury  by  contact  with  the  cur- 
rent. The  current  is  turned  on  and  off 
by  switches,  and  the  heat  is  controlled  by 
regulators.  Any  person  of  average  in- 
telligence may  be  instructed  in  its 
manipulation  and  the  attachment  of  the 
various  utensils. 


JUNO*. 
SECTION 


OPERATING    BATTERY      MOTOR     FROM 
LIGHTING  CIRCUIT. 

A  simple  and  practical  method  of  run- 
ning battery  motors  by  the  ordinary  elec- 
tric light  current  is  as  follows :  Remove 
one  of  the  electric  lights  from  a  con- 
venient socket  and  in  its  place  put  a  plug 
with  two  long  wires  running  out,  (A) 
and   (C)    in  the  diagram.     Procure  an- 


When  first  commencing  to  operate  the 
motor,  one  16  candlepower  lamp  should 
be  lighted.  If  the  motor  does  not  run 
fast  enough  then  another  lamp  should 
be  thrown  in  the  circuit.  The  more  lamps 
connected  in  the  circuit  the  faster  the 
motor  will  run.  This  plan  will  work 
either  with  direct  or  alternating  current, 
although  with  the  latter  the  motor  heats 
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OPERATING    BATTERY    MOTOR    FROM     LIGHTING    CIRCUIT. 


other  wire,  as  (B),  and  attach  three  or 
four  1 6  candlepower  lamps  in  multiple 
to  wires  (A)  and  (B).  The  sockets  for 
these  lamps  should  be  key  sockets  so  as 
to  enable  the  operator  to  cut  out  the  dif- 
ferent lamps  conveniently.  A  fuse  plug 
and  socket  can  be  located  on  wire  (C)  to 
protect  the  motor  in  case  the  current  be- 


considerably.  In  that  case  it  should  be 
allowed  to  cool  off  for  a  short  time,  when 
again  it  may  be  run.  If  the  motor  sparks 
when  alternating  current  is  used  then  a 
slight  film  of  oil  put  on  the  commutator 
will  allay  the  trouble.  In  case  one  or 
more  motors  are  to  be  used  then  they  can 
be  connected  up  in  series  on  wire  (C). 

EDW.    E.    HARBERT. 


SOME  ELECTRICAL  TERMS  SIMPLIFIED 


BY    PAUL   T.    KENNY. 


VOLT. 

The  volt  is  the  unit  of  electrical  pres- 
sure. 

In  order  to  explain  its  meaning,  we 
will  take  a  water  tank — the  one  that  you 


have  ridden  on  will  do — and  plant  it  on 
a  house  roof,  say  120  feet  high.     Tap  it 


V0LT5 

OR   PRESSURE. 


with  a  pipe  leading  to  the  ground,  turn- 
ing the  lower  end  upward. 

Look  at  the  illustration  (Fig.  1).    The 


water  spurts  upward.  Why  ?  Simply  on 
account  of  the  pressure  exerted. 

It's  exactly  the  same  in  electricity;  it 
will  "flow"  only  when  pressure  is  ap- 
plied. 

In  a  dynamo,  this  pressure  is  exerted 
between  two  elements,  positive  and  nega- 
tive, or  from  one  "brush"  to  the  other. 

Is  this  clear  ?  No !  Well  then,  imagine 
a  machine  in  operation  with  its  positive 
part  on  a  roof  120  feet  high,  the  nega- 
tive part  on  the  ground,  a  metallic  cir- 
cuit or  wire  connecting  the  two,  and  you 
have  the  everyday  generator  or  dynamo 
causing  a  "current"  to  flow  at  120-volts 
pressure. 

AMPERE. 

The  ampere  is  the  unit  of  current  or 
"flow"  and  is  found  by  simply  dividing 
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the 


the   pressure   by   the   resistance,    or 
volts  by  the  ohms. 

Back  to  the  water  tank  again. 

You  may  remember  we  stated  that  a 
volume  of  water,  120  feet  high,  exerts  a 
certain  pressure,  and  in  passing  through 
a  one-inch  pipe,  encounters  a  given  re- 
sistance which  permits  a  "rate  of  flow" 
of  about  40  gallons  per  minute.  Ponder 
carefully  now ! 

Raise  the  tank  higher  in  the  air,  there- 
by increasing  the  pressure,  and  a  greater 
flow  will  take  place.  Or.  leave  the  tank 
where  it  stands,  and  enlarge  the  pipe, 
again  the  flow  will  also  be  increased. 

Precisely  the  same  in  electricity. 

Impressing  120  volts  pressure  on  :i 
wire  or  lamp  having  ^0  ohms  resistance, 
permits  a  rate  of  flow  oi  three  amperes. 

Double  the  pressure  to  240  volts,  and 
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retain  the  same  resistance  and  you  have 
six  amperes.  Enlarge  your  wire  so  as  to 
halve  your  resistance,  or  20  ohms,  and 
you  get  with  the  original  pressure  of  120 
volts,  six  amperes. 

After  all,  isn't  this  simple  ? 

Now  for  the  terms  that  are  liable  to 
send  you  flying  in  the  direction  of  the 
water  cart,  the  "watt"  and  "kilowatt." 

WATT. 

The  watt  is  the  unit  of  power,  and  is 
obtained  by  multiplying  the  pressure  by 
the  rate  of  flowj  or  the  volts  by  the 
amperes. 

A  kilowatt  is  1,000  watts,  and  repre- 
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%      FIG.    4. 

sents  about  one  and  one-third  horse- 
power; 746  watts  being  equal  to  one 
horsepower. 

Can  we  explain  it?     Certainly. 

We  have  before  stated  that  120  volts 
impressed  on  40  ohms  resistance,  gave  a 
current  of  three  amperes. 

Multiplying  the  last  by  the  120  volts 
we  obtain  360  watts. 

Impressing  pressure  of  120  volts  on  a 
larger  wire,  having  only  two  ohms  re- 
sistance, enabling  a  current  of  60  am- 
peres to  flow,  will  produce  7,200  watts 
or  7.2  K.  W.  of  energy. 

A  kilowatt  hour  is  the  use  of  1,000 
watts  for  one  hour  or  500  watts  for  two 
hours  or  100  watts  for  10  hours.  This 
is  the  unit  that  the  electric  lighting  com- 
panies use  in  charging  for  current  and  is 
analogous  to  "cubic  feet"  of  gas.  An 
ordinary  incandescent  lamp  consumes 
about  50  watts,  so  if  it  were  burned  con- 
stantly for  20  hours  it  would  use  a  kilo- 
watt hour.  Burning  20  lamps  for  one 
hour  means  the  consumption  of  identical- 
ly the  same  amount  of  energy  or  one 
kilowatt  hour. 


DYNAMO   AND   MOTOR. 

Having  mastered  the  foregoing  defini- 
tions you  are  now  ready  to  investigate 
the  principles  of  the  dynamo  and  electric 
motor,  a  simple  bi-polar  form  of  which 
is  illustrated  (Fig.  5)  with  its  "Fields," 
"Armature,"  "Commutator,"  and 
"Brushes." 

The  first  step  is  to  note  the  properties 
of  the  electromagnet. 

We  mentioned  heretofore  that  when 
an  ordinary  dynamo  is  in  operation,  and 
a  wire  run  from  the  positive  to  the  nega- 
tive pole  or  '  brush,  a  current  would 
"flow"  over  the  wire. 

How  is  an  electromagnet  made? 

Take  an  ordinary  iron  or  steel  rod, 
bent  over  as  shown,  wrap  an  insulated 
wire  around  it  and  permit  the  current  to 
flow: — Presto !    the  iron  becomes  a  mag- 


A  BI-POLAR  PYNAMO  OR  MOTOR, 


FIG.    5. 

net,  perhaps  powerful  enough  to  lift  sev- 
eral tons. 

Interrupt  the  current,  and  the  iron 
loses  its  magnetism,  with  the  exception 
of  a  small  particle  known  as  recidual 
magnetism,  which  is,  so  to  speak,  the 
dormant  little  spring  emitting  "Lines  of 
Force,"  (see  upper  corner,  Fig.  5)  that 
can  be  developed  into  enormous  propor- 
tions. 

Every  magnet  has  two  poles,  north 
and  south,  and  between  the  two,  these  in- 
visible mysterious  lines  of  force  are  con- 
stantly traveling,  varying  in  number  with 
the  magnetism  developed. 
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When  a  dynamo  is  at  rest,  the  mini- 
mum number  are  emitted,  but  when  it  is 
loaded  with  its  maximum  number  of 
lights  and  motors  out  on  the  line,  the 
maximum  number  are  shot  across  the  air 
gap.  Why?  Simply  because  the  mag- 
netic strength  developed  is  proportionate 
to  the  amperes  flowing  around  the  fields. 

THE  ARMATURE. 

If  you  take  an  ordinary  piece  of  wire, 
bent  as  shown  in  Fig.  5  and  place  it  be- 
tween the  poles  (N)  and  (S)  so  as  to  cut 
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FIG.  f. 

these  lines  of  force,  you  are  at  the  start- 
ing point  of  the  armature. 

Revolve  this  piece  of  wire,  which  we'll 
call  an  armature  winding,  in  a  given 
direction,  and  a  current  will  flow  "from 
the  upper  side  to  the  lower. 


Connect  each  terminal  of  this  winding 
to  a  convex  piece  of  copper  or  segment, 
and  we  have  the  commutator. 

Suspend  two  pieces  of  copper  or  car- 
bon so  as  to  rest  on  the  upper  and  lower 
segments,  and  you  have  the  brushes. 

It  is  evident,  therefore,  that  if  we  can 
construct  a  machine  as  above  with  sev- 
eral windings  on  the  armature,  and  re- 
volve the  latter  at  a  high  speed,  between 
the  pole  pieces  of  the  field  with  an  en- 
gine, or  turbine,  a  current  will  start  from 
one  side  of  the  commutator,  thence  to 
the  positive  brush  around  the  fields  out 
to  the  line,  across  each  lamp,  motor,  etc. 
(see  Fig.  6),  back  to  the  negative  brush 
and  other  side  of  the  armature  winding. 

That's  all  there  is  to  the  dynamo, 
which   may  be   wound   either   "Series," 


FIG.    7 


"Shunt,"  or  "Compound,"  when  required 
for  direct  current,  as  the  conditions  may 
require,  or  in  "phases"  or  "frequency" 
for  alternating  current  work. 

Alternating  current  machinery  should 
never  be  placed  on  the  same  line  supply- 
ing direct  current  service,  and  direct 
current  motors  should  always  have  the 
right  voltage  to  meet  the  line  conditions. 

RHEOSTAT. 

Of  course,  you've  heard  of  the  rheo- 
stat, and  wondered  what  the  clumsy  look- 
ing box  hung  on  the  wall  near  a  motor, 
was  for,  anyhow.    Let  us  see. 

Looking  at  the  cut  of  a  motor  wind- 
ing (Fig.  7)  you  will  notice  that  the 
incoming  current  in  passing  into  the  ma- 
chine is  bifurcated,  that  is  to  say.  one 
part  travels  from  the  positive  around  the 
field — over  a  winding  perhaps  a  mile 
long — while  the  other  part  travels  direct- 
ly to  the  brush,  thence  across  an  arma- 
ture winding  to  the  other — the  negative 
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— brush,  a  distance  of  perhaps  10  feet. 
In  the  former  we  might  have  a  resistance 
of  19  ohms,  in  the  latter  only  one  ohm. 

Now,  electricity,  like  other  things,  will 
follow  the  path  of  least  resistance,  and, 
unless  something  like  a  dam  were  put  in 
the  path  leading  to  the  armature,  nearly 
all  the  current  would  take  the  short  cut 
home  across  the  armature  and  blow  the 
fuse. 

We  can  reduce  this  flow  with  a  rheo- 
stat (Fig.  8),  which  is  practically  noth- 
ing more  than  a  lot  of  iron  wire  in  com- 
pact form  having,  in  this  instance,  a  re- 
sistance of,  say,  18  ohms;  so  that  when 
it  is  placed  in  series  with  the  armature, 
bringing  up  the  latter's  total  resistance  to 
19  ohms,  the  current  will  flow  as  readily 
over  the  fields  as  it  will  across  the  arma- 
ture, causing  the  motor  to  start  up  grad- 
ually, the  speed  being  accelerated  as  the 
resistance  is  cut  out.  When  the  motor 
has  attained  full  speed,  the  entire  resist- 
ance should  be  cut  out,  unless  the  rheo- 


stat is  designed  for  varying  the  speed. 
The  reason  for  this  is  that  the  armature 
of  the  motor  when  it  gets  to  revolving 
tends  to  become  itself  a  dynamo  and 
generate  current  of  its  own  which  flows 
in  the  opposite  direction  to  that  which  is 
impressed  upon  it.  This  is  called  "back 
electromotive  force."  When  the  arma- 
ture of  the  motor  attains  full  speed  this 
back  electromotive  force  counteracts  the 
impressed  electromotive  force  to  such 
an  extent  that  the  rheostat  resistance  is 
no  longer  needed.  In  an  ordinary  motor, 
the  resistance  is  always  placed  in  series 
with  the  armature,  while  in  a  dynamo,  it 
is  placed  in  series  with  the  fields. 

A  motor  is  constructed  identically  the 
same  as  a  dynamo,  but  in  operation  it 
absorbs  watts,  instead  of  generating,  pro- 
portionate to  the  work  done. 

Take  two  dynamos,  connect  with  two 
wires,  rotate  one  with  a  steam  engine 
and  the  other,  which  may  be  miles  away, 
will  revolve  as  a  motor. 


AN  OPEN  CIRCUIT  TELEGRAPH. 


Being  a  young  student  of  electricity 
myself  I  know  the  great  desire  which 
boys  have  to  construct  telegraphs  be- 
tween their  homes,  so  I  will  describe  for 
their  benefit  an  open  circuit  equipment, 


one  end  without  going  through  the  bat- 
tery and  key. 

When  not  in  use  both  switches  are 
turned  to  connect  through  the  (A) 
wires.     When  so  connected  there  is  no 
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because  the  closed  circuit  is  entirely  too 
expensive  for  this  purpose. 

All  the  instrument  needed  at  each  end 
of  the  line  are  a  regular  sounder,  a  regu- 
lar transmitter,  a  two-point  switch  and 
a  set  of  batteries. 

It  will  be  noticed  that  this  plan  is  ex- 
actly the  same  as  the  ordinary  tele- 
graph except  that  a  wire  (A)  (see  dia- 
gram) has  been  added  so  that  the  cur- 
rent can  be  sent  through  the  sounder  at 


circuit  through  either  set  of  batteries. 
The  person  who  wishes  to  call  simply 
moves  his  switch  so  that  it  connects 
through  the  battery  and  key,  then  he  is 
ready  to  call  and  does  so  in  the  usual 
manner.  To  answer  the  call  the  other 
person  also  changes  his  switch.  Then 
they  may  send  messages  in  the  usual 
manner.  When  through,  both  persons 
change  their  switches  again  and  the  cir- 
cuit is  open,  but  either  person  can  call. 

PERCY   T.    FRIDAY. 


QUESTIONS  AND  ANSWERS. 

Readers  of  Popular  Electricity  are  invited  to  make  free  use  of  this  department. 
Knowledge  on  any  subject  is  gained  by  asking  questions,  and  nearly  every  one  has  some 
question  he  would  like  to  ask  concerning  electricity.  These  questions  and  answers  will  be 
of  interest  and  benefit  to  many  besides  the  one  directly  concerned.  No  consideration 
will  be  given  to  communications  that  do  not  contain  the  full  name  and  address  of  the  writer. 


SMALL  DYNAMO  ARMATURE. 

Questions. — I  have  a  small  dynamo  which  I 
would  like  to  run  on  110  volts  direct  current. 
It  is  of  the  bipolar  type,  single  field  coil,  lami- 
nated armature,  field  magnets  5  inches  high 
and  2  inches  wide.  Field  core  1%  inches 
thick  and  1%  inches  wide.  The  armature  has 
12  slots  x/4  inch  wide  by  %  inch  deep,  and  is  2 
inches  long  and  1%  inches  in  diameter.  Com- 
mutator segments,  12.  Field  coils  wound  with 
No.  22  B  and  S  gauge,  single  cotton  covered 
wire. 

(A)  What  size  wire  should  I  wind  on  the 
armature? 

(B)  How  many  feet  of  wire  will  I  need?— 
F.  E.  B.,  Mendota,  Wis. 

Answers. — (A)  No.  24  B.  and  S. 
gauge,  double  cotton-covered  wire. 


DIAGRAM     REPRESENTING     ARMATURE 
SLOTS. 

(B)  Winding  as  follows  with  slot  di- 
mensions given,  you  can  wind  each  coil 
4  or  5  layers  deep  and  7  layers  wide, 
making  28  or  35  turns,  or  22  feet  per 
coil;  coil  No.  1  should  go  in  slots 
(AA')j  coil  No.  2,  (BB'^coil  No.  3. 
(CC)  ;  coil  No.  4,  (DD')  ;  coil  No.  5, 
(EE');  coil  No.  6.  (FF').  Now  with 
slots  half  full,  coil  No.  7  goes  in  (A'A) 
on  top  of  coil  No.  1,  beginning  as  let- 
tered; coil  No.  8  in  slots"  (B'B)  and  so 
on.      Bring   finishing   end    of   each    coil 


where  starting  end  enters  and  twist  to- 
gether. With  all  coils  in  place  untwist 
the  coil  ends  and  twist  the  last  end  of 
each  coil  to  starting  end  of  the  coil  next 
to  it  at  the  right.  These  twisted  ends 
go  each  to  a  commutator  segment  in 
regular  order.  We  assumed  the  field 
winding  to  be  in  shunt  to  brushes  and  a 
starting  resistance,  such  as  a  no- volt 
lamp.  We  also  assumed  5,000  or  6,000 
turns  of  wire  on  field  coil. 


WINDING  A  TWELVE-SLOT  DRUM. 

Question. — Please  give  diagram  and  infor- 
mation as  to  how  a  small  twelve-slot  drum 
armature  should  be  wound. — H.  J.  R.,  Siloam 
Springs,  Ark. 

Answer. — See  answer  to  F.  E.  B., 
Mendota,  Wis. 

ELECTRO-MAGNECTIC  ENGINE. 

Question— (A)  How  large  an  electro-mag- 
netic_  engine  similar  to  one  described  in  the 
"Junior  Section"  of  the  June  issue  can  be 
made  for  power  purposes? 

(B)  How  can  a  suitable  reverse  for  this 
engine  be  made?     H.  R.  C,  Chicago,  111. 

Answers.— We  have  the  assurance  of 
manufacturers  that  they  have  thus  far 
not  designed  such  an  engine  for  any  con- 
siderable  power  purposes.     One   maker 
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DOUBLE    POLE,     DOUBLE      THROW     KNIFE 
SWITCH. 

says :  "We  have  made  no  calculations  on 
a  larger  type  than  the  toy  form.  At  first 
glance  we  are  inclined  to  think  that  for 
a  larger  type  of  engine,  the  rotary  form 
might  be  preferable,  but  for  a  toy  the 
reciprocating  type  answers  every  pur- 
pose and  does  it  much  more  economically 
than  the  rotary  form  could  possibly  do. 
So  tar  as  we  can  say.  the  matter  would 
involve  much  experimental  design."  We 
shall  be  glad  to  know  results  should  you 
attempt  a  large  engine. 
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(B)  By  using  a  double  throw,  double 
pole  knife  switch  connected  as  shown  in 
diagram. 


INDUCTION    COILS    AND  HIGH    FRE- 
QUENCY APPARATUS. 

Questions — (A)  How  does  an  induction  coil 
differ  from  a  high  frequency  transformer? 
(B)  How  is  a  transformer  made  capable  of 
sending  40  miles?  (C)  Did  Tesla  connect  the 
secondary  of  an  induction  coil  to  the  primary 
of  a  transformer?  (D)  Does  the  U.  S.  gov- 
ernment make  any  charge  or  license  for  pri- 
vate wireless  lines? — E.  H.  B.,  Jr.,  Brooklyn, 
N.  Y. 


spark  gap ;  but  with  oil  insulated  trans- 
former will  give  a  much  longer  spark. 

(C)  Yes. 

(D)  No.  But  transmission  of  gov- 
ernment messages  must  not  be  inter- 
fered   with. 


250  WATT  TRANSFORMER. 

Question — Please  tell  me  how_  to  make  a250 
watt  transformer  that  will  give  a  six-inch 
spark  on  110  volts  60  cycles. — C.  S.  K.,  Chi- 
cago,  111. 

Answer — See  answer  to  E.  H.  B.,  Jr., 
in  this  issue.  Use  a  rheostat  in  series 
with  primary  of  coil. 


CONNECTIONS  OF  HIGH  FREQUENCY   TRANSFORMER. 


Anszvers — (A)  A  high  frequency 
transformer  is,  properly  speaking,  an 
induction  coil;  but  it  has  no  iron  core, 
as  no  iron  core  would  respond  to  the 
rapid  changes  of  current.  The  primary 
is  usually  outside  the  secondary,  and  in- 
sulated '  from  it  by  a  considerable  air 
space,  or  else  the  whole  apparatus  is  im- 
mersed in  oil. 

(B)  Soft  iron  wire  core  16  inches 
long,  two  inches  diameter.  Primary,  one 
layer  No.  13  double  cotton  covered  wire. 
Secondary,  10  sections  each  1%  inches 
thick,  2  5-8  internal  diameter,  wound  to 
six  inches  diameter  with  No.  31  wire  and 
thoroughly  insulated.  Condenser,  30 
sheets  of  tinfoil  eight  by  10  inches,  with 
two  plates  of  10  by  12  inch  window  glass 
between  each  two  sheets  of  foil.  High 
frequency  transformer,  primary,  14  turns 
of  four  No.  8  wires  in  parallel  wound  on 
a  paper  cylinder  12  inches  in  diameter, 
18  inches  long.  Secondary  winding, 
placed  inside  the  primary,  No.  31  double 
cotton  covered  wire,  one  layer  wound  on 
paper  cylinder  seven  inches  diameter,  18 
inches  long.  The  diagram  shows  connec- 
tions— no  volts  at  125  cycles,  or  50  volts 
at  60  cycles  will  be  right.  The  trans- 
former secondary  will  give  a  five  to  six 
inch     spark,     depending    on     condensei 


SPECIFICATIONS    FOR    THIRTY-INCH 
SPARK  X-RAY  COIL. 

Question. — I  would  like  some  information 
as  to  how  to  build  a  30-inch  spark  coil  for  X- 
ray  work.  I  have  a  lot  of  No.  12  double  cot- 
ton-covered magnet  wire  that  I  would  like  to 
use  on  the  primary  winding.  I  intend  to  use  a 
motor  generator  set  giving  110  or  220  volt  di- 
rect current.  Please  give  dimensions  of  this 
coil  and  the  best  way  to  wind  the  secondary. — 
R.  A.  R,  Joplin,  Mo. 

Answer. — Core  2^  inches  in  diameter 
and  48  inches  long  should  be  made  of 
annealed  No.  22  B.  &  S.  gauge  Norway 
iron  wire.  Cover  core  with  one  layer 
of  friction  tape,  or  two  or  three  layers 
of  oiled  paper.  Wind  four  layers  of  No. 
12  B.  &  S.  gauge  double  cotton-covered 
wire  over  oiled  paper,  placing  cotton 
cord  same  diameter  as  wire  between 
each  turn  of  wire,  bring  out  taps  at  ends 
of  each  layer  for  variable  inductance 
(number  of  layers  in  circuit  will  depend 
entirely  upon  type  of  interrupter  used; 
one  layer  for  electrolytic  interrupter  and 
from  two  to  four  for  mercurial  or  me- 
chanical interrupter).  Dip  core  with 
its  winding  in  boiling  hot  beeswax.  Place 
core  and  winding  in  mica  or  paper  tube 
having  ^-inch  walls;  if  mica  is  used  it 
must  be  free  from  metals,  if  paper  is 
used,   tube   must  be  built  up  of  paper 
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soaked  in  boiling  beeswax  with  no  air 
spaces  between  layers.  Twelve  second- 
ary coils  should  be  wound  in  sections  on 
mica  or  paper  rings  treated  as  specified 
for  tube  over  primary;  paper  or  mica 
rings  to  be  two  inches  wide  and  to  have 
an  internal  diameter  at  least  one  inch 
greater  than  external  diameter  of  tube 
over  primary.  Wire  may  be  from  No.  31 
to  No.  36  B.  &  S.  gauge  single  cotton- 
covered.  Wind  250  layers  on  each  ring, 
placing  one  strip  of  oiled  paper  two 
inches  wide  between  each  layer.  Wire 
of  each  layer  to  be  so  wound  that  a  clear- 
ance of  yi  inch  will  be  had  to  each  edge 
of  paper  strips.  Boil  secondary  sections 
in  beeswax.  Construct  thoroughly  sea- 
soned birchwood  box  large  enough  to 
provide  at  least  3-inch  clearance  to  sec- 
ondary coils.  Place  core,  tube  and  wind- 
ings in  position,  spacing  secondary  sec- 
tions so  that  a  clearance  of  1^4  inch  will 
be  provided  between  sections  and  ^2  inch 
to  tube  over  primary.  Fill  box  complete- 
ly with  a  boiling  mixture  of  vaseline  and 
paraffine,  use  just  enough  paraffine  to 
slightly  stiffen  the  vaseline. 


HOW    TO    MAKE    AN    INDUCTION    COIL. 

Question — Will  you  please  tell  me  how  to 
wind  an  induction  coil?  What  is  the  size 
and  length,  and  are  the  primary  and  secon- 
dary wires  connected?  Would  soft  wire  make 
a  good  core? — R.  Y.,  Rock  Falls,  Iowa. 

Answer — Your  question  is  very  in- 
definite. Induction  coils  are  made  in 
all  sizes,  from  the  little  pocket  "medi- 
cal" coil  to  the  great  wireless  telegraph 
coil,  throwing  a  spark  12  inches  or  more 
in  length.  For  a  small  shock  coil,  wind 
two  layers  of  No.  18  wire  on  a  soft 
iron  wire  core  three  inches  long  and  }i 
of  an  inch  in  diameter.  Over  this  lay 
three  layers  of  paper,  well  shellaced. 
Then  wind  on  two  ounces  of  No.  36  silk 
covered  copper  wire,  connecting  the  ends 
to  handles.  A  vibrator  in  the  primary 
circuit  is  needed  to  complete  the  coil ; 
but  a  home  made  substitute  may  be  used 
by  connecting  one  pole  of  battery  to  one 
end  of  the  primary  winding  and  the 
other  end  of  primary  winding  to  a  large, 
coarse  file,  then  rubbing  a  wire  connected 
to  the  other  pole  of  battery  on  the  file. 
The  secondary  winding  is  connected  to 
nothing  but  the  handles  for  delivering 
the  shock. 


INDUCTION  COIL. 

Question — I  wish  you  would  publish  in  your 
magazine  how  to  make  an  induction  coil. — S. 
M.  C,  Denver,  Colo. 

Answer — See  answer  to  R.  Y.,  in  this 
issue. 


SIMPLE  TELEPHONE  CIRCUIT. 

Question. — Will  you  please  inform  me  how 
I  may  run  two  telephones  on  one  wire  with  a 
bell  on  each,  operated  by  a  push  button  or 
switch?— K.  Y.,  St.  Paul,  Minn. 

Answer. — The  diagram  gives  the  cir- 
cuit  you    wish    with    bells   operated    by 
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SIMPLE    TELEPHONE    CIRCUIT. 

three-point  switches.  Normally  the 
switches  should  be  left  as  shown.  Either 
party  may  call  the  other  by  swinging  the 
switch  arm  across  (SA)  and  preferably 
leaving  it  on  (N)  while  talking.  The 
batteries  are  arranged  to  work  together 
when  the  receivers  are  off  the  hooks. 


REWINDING  FAN  MOTOR. 

Question — I  have  a  C.  &  C.  500-volt  fan 
motor  (%  horsepower)  that  I  wish  to  wind 
as  a  dynamo.  The  armature  is  a  laminated 
ring  two  inches  wide,  V2  inch  thick  by  AVz 
inches  diameter,  with  30  segment  commuta- 
tor. Field  spool  is  about  4%  or  5  inches  out- 
side diameter.  I  wish  to  shunt  wind  the 
machine  for  12  volts  (or  10).  What  size 
wire,  number  of  layers  and  turns  to  the  sec- 
tion should  I  use  ?  What  size  for  fields  ? 
Speed  of  armature?  I  have  the  armature 
wound  now  with  No.  20,  four  layers  of  11 
turns  to  the  layer  and  calculated  for  50  volts. 
What  should  I  use  on  the  field  for  a  shunt 
and  what  current  should  I  get,  at  what 
speed?— G.  B.  G.,  Bath,  Me. 

Answer — For  12  volts:  Armature  30 
sections,  each  two  layers,  six  turns  to  the 
layer,  No.  14  single  cotton  covered  wire. 
Field,  No.  20  wire,  shunt  connected.  For 
50  volts  wind  the  field  with  No.  26  wire. 
You  will  have  to  experiment  a  little  to 
determine  the  correct  speed.  Probably 
2,800  or  thereabouts.  Machine  should 
deliver  150  watts;  but  turning  a  small 
motor  into  a  dynamo  is  often  an  uncer- 
tain performance. 
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MAGNETIC  NEEDLE;  MOTOR  OPERATION. 
TELEPHONE  TRANSMITTER. 

Questions. —  (A)  What  is  the  effect  of  an 
alternating  current  on  a  magnetic  needle 
placed  parallel  and  under  the  wire?  (B)  Is 
there  any  effect  of  winds  on  oscillations  in 
wireless  apparatus?  (C)  Why  should  not  an 
alternating  current  operate  a  series  wound 
motor  with  a  commutator,  since  the  change  of 
direction  of  direct  current  does  not  change  the 
direction  of  the  motor?  (D)  Please  explain 
the  parts  and  workings  of  a  telephone  trans- 
mitter.— E.  R.}  Franklin,  Ind. 

Answers. —  (A)  The  answer  to  your 
question  is  fully  given  in  the  article  on 
"Elementary  Electricity,"  pages  274-5, 
September  number,  1908. 


TELEPHONE   TRANSMITTER. 

(B)  See  article,  "Effect  of  Wind  on 
Wireless  Waves,"  this  issue. 

(C)  It  will  run.  See  answer  to  M. 
B.,  this  issue. 

(D)  The  diagram  shows  a  Blake 
transmitter  which  operates  on  the  prin- 
ciple of  varying  pressure  and  in  this 
way  the  resistance  of  the  circuit  through 
the  transmitter  is  increased  or  decreased. 
(A)  is  the  diaphragm  surrounded  by  a 
rubber  ring  (B),  the  whole  being  fast- 
ened  back    of   the    mouthpiece    (C).    A 


piece  of  platinum  wire  (D)  is  secured 
to  a  spring  (E).  The  wire  touches  the 
diaphragm  and  also  makes  light  contact 
with  a  carbon  button  (F)  attached  to  a 
spring  (G).  The  screw  (H)  adjusts 
this  latter  contact.  When  sound  waves 
disturb  the  diaphragm  (A),  the  resist- 
ance between  the  platinum  wire  and  car- 
bon, button  varies,  and  a  fluctuating  cur- 
rent passes  through  (E),  (D),  (F),  and 
(G),  and  then  to  the  receiver  coil.  This 
varying  current  reproduces  the  original 
variations  and  sounds  in  the  receiver. 

Some  transmitters  use  carbon  gran- 
ules between  two  polished  disks  or  elec- 
trodes, one  of  which  is  attached  to  the 
diaphragm.  One  type  of  this  transmit- 
ter is  called  the  solid-back  or  White 
transmitter  and  is  used  by  the  American 
Bell  Telephone  Company. 


DIRECT    CURRENT    MOTOR    ON    ALTER- 
NATING CURRENT. 

.  Question. — Can  a  direct  current  motor  with 
laminated  armature  and  field  be  run  with  al- 
ternating current? — M.  B.,  Superior,  Wis. 

Anszver. — Yes,  if  a  series  wound  mo- 
tor. The  writer  had  occasion  to  do  this 
with  the  above  type  motor  and  found  it 
necessary  to  reduce  the  field  turns  about 
one-half  for  satisfactory  results.  See 
answer  to  questions  (D)  of  V.  E.  H., 
July  number,  1908;  also  any  treatise  on 
rotary  converters. 


HIGH  FREQUENCY  APPARATUS. 

Questions. —  (A)  In  the  article  on  "How  to 
Make  a  High  Frequency  Apparatus,"  how 
many  pounds  of  secondary  wire  would  be  re- 
quired in  the  transformer?  (B)  What  length 
of  spark  should  transformer  give  and  how  far, 
with  same,  should  transformer  transmit  wire- 
less signals,  both  ends  using  tuned  circuits  and 
electrolytic  detectors  ?  (C)  Of  how  many  watts, 
amperes  and  volts  capacity  would  above  trans- 
former be?  (D)  Would  it  be  practical  to  use 
shasta  water  bottles  for  ley  den  jars  by  coating 
the  outside  with  tin  foil  or  some  metallic  paint 
and  filling  the  jar  about  one-third  full  of  di- 
lute sulphuric  acid,  so  as  not  to  break  or  cut 
the  neck  of  the  bottle  off  ?  (E)  Do  you  know  of 
any  better  method  of  preparing  jars,  and  how 
many  would  it  take  of  same  to  condense  the 
spark  of  the  transformer? — R.  L.  McC,  San 
Francisco,  Cal. 

Answers. —  (A)  Secondary:  nine 
pounds  No.  32  B.  &  S.  gauge,  single  cot- 
ton covered  wire.  Primary:  four 
pounds  No.  12  B  &  S.  gauge,  double 
cotton  covered  wire. 

(B)    Primary  in  parallel  on   no  volts 
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or  in  series  on  220  volts  will  give  a 
spark  one  inch  long  with  pointed  ter- 
minals ;  a  little  less  than  half  as  far  with 
primary  in  series  on  no  volts.  The  sup- 
position is  60  cycle  current.  The  spark 
will  jump  much  farther  if  a  condenser 
capacity  is  shunted  across  the  gap.  Dr. 
De  Forest,  who  has  seen  this  transformer 
in  operation,  said  that  it  would  trans- 
mit signals  up  to  200  miles. 

(C)  Maximum  Watts  2,000;  cur- 
rent, 25  amperes;  secondary  voltage,  10,- 
000  and  20,000,  depending  on  connec- 
tions. 

(D  and  E)  With  the  apparatus  de- 
scribed in  the  article  it  would  be  bet- 
ter to  use  plate  condensers  instead  of 
Leyden  jars.  "  Leyden  jars  may,  how- 
ever, be  made  as  described  in  answer  to 
G.  A.  C,  this  issue,  or  as  in  the  article 
on  page  452,  November  issue. 


CONSTRUCTION  OF  A  LEYDEN  JAR. 

Questions. —  (A)  How  can  I  make  a  Ley- 
den jar,  referring  to  the  December  number, 
page  465,  Fig.  63?  (B)  Of  what  material  is 
the  instrument  there  shown  made?  Can  it 
be  purchased?  (C)  How  long  does  it  take  to 
pierce  a  hole  through  a  glass  one-eighth  of 
an  inch  thick  using  an  electric  discharge?  G. 
A.  C,  Pittsburg,  Pa. 

Anszvers. —  (A)  Paste  tinfoil  coatings 
,on  the  inside  and  outside  of  a  glass  jar 
to  about  two-thirds  of  its  height.  Var- 
nish the  jar  above  the  coatings  to  pro- 
vide better  insulation.  Through  a  rub- 
ber or  dry  wood  stopper  pass  a  brass 
rod  terminating  in  a  knob  at  the  top,  and 
connecting  with  the  inner  coating  by  a 
loose  chain  at  the  lower  end. 

(B)  Glass  rods  may  be  used  for  pil- 
lars ;  and  brass  fittings,  rods  and  knobs 
for  live  parts.  Glass  serves  as  a  good 
insulator,  but  collects  moisture.  With- 
out proper  tools  it  is  hard  to.  use  in 
construction.  Llard  rubber,  ebonite,  or 
vulcanite  is  much  more  easily  worked,  is 
a  good  insulator  and  much  used.  Con- 
tinually exposed  to  the  light,  however, 
the  sulphur  used  in  vulcanizing,  oxidizes 
and  the  rubber  slowly  loses  its  insulating 
qualities  to  a  certain  extent.  For  mount- 
ing, quarter  sawed  oak,  dull  weathered 
oak,  or  any  well  seasoned  solid  wood 
may  be  used.  Examine  the  apparatus  of 
some  physician  who  gives  electro-thera- 
peutical and  X-ray  treatments  and  von 
will  be  able  to  gather  a  great  many  help- 


ful suggestions.  Any  company  supply- 
ing experimental  electrical  apparatus  to 
school  and  college  laboratories  will  be 
glad  to  send  you  a  catalogue. 

(C)  This  depends  upon  the  quality 
and  brittleness  of  the  glass,  and  the  capa- 
city of  the  Leyden  jar.  A  one-quart  jar 
will  often  if  fully  charged  give  desired 
results.  A  five  or  six-jar  battery  will  act 
very  positively  on  a  single  discharge. 


MAKING  A  STORAGE  BATTERY. 

Questions. —  (A)  How  would  be  the  best 
way  to  make  a  storage  battery? 

(B)  What  would  be  the  dimensions? 

(C)  How  many  batteries  would  be  re- 
quired to  light  six  sixteen  candlepowe'r  lamps 
for  twelve  hours? 

(D)  How  should  connections  be  made? 

(E)  How  can  I  tell  when  batteries  are  fully 
charged?— E.  L.  F.,  Fort  Worth,  Tex. 

Answers. —  (A)  In  addition  to  the 
method  described  in  the  answer  to  F.  R. 
in  the  February  issue,  the  following 
method  is  recommended:  Get  a  quantity 
of  torpedo  lead  about  1-64  inch  thick  by 
y%  inch  wide ;  also  ten  pounds  of  sheet 
lead  34  mcn  thick,  cut  into  strips  }i 
inch  wide.  With  these  last  make  seven 
frames,  7  by  6  inches,  using  a  block  of 
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FIG.    1. 

wood  to  shape  the  strip  like  Fig.  1. 
Solder  a  J^-inch  strip  between  the  ends. 
Now  cut  6-inch  torpedo  lead  strips,  an* I 
as  many  8-inch  strips.  Fit  the  6-inch 
strips  horizontally  and  corrugate  the  8- 
inch  strips  as  in  Fig.  2,  fusing  the  end^ 
so  they  will  stay  in  place.  Using  about 
four  pounds  of  yellow  load.  10  parts  of 
water  and  one  part  sulphuric  acid,  make 
a  paste  and  rill  four  frames  for  negative 
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plates.  The  remaining  three  frames  fill 
with  three  pounds  of  red  lead  mixed 
with  the  same  proportion  of  acid  and 
water  as  for  the  negative  plates.  These 
are  the  positive  plates.     Prepare   card- 
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FIG.    2. 

board  3-16  inch  thick,  soaked  in  silicate 
of  soda  and  well  dried.  Place  these  be- 
tween alternate  positive  and  negative 
plates  laid  together  and  tied.  Lugs  of 
opposite  plates  should  stand  opposite 
each  other.  Now  fuse  a  heavy  strip  of 
lead,    Fig.   3,   across   the   three   positive 
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FIG.    3. 

plates,  and  another  across  the  four  nega- 
tive plates,  Fig.  4.  Place  the  whole  in 
a  glass  jar  and  fill  with  dilute  sulphuric 
acid  and  two  ounces  of  sodium  bicar- 
bonate. Charge  with  a  current  of  12 
amperes  for  45  or  50  hours.     This  bat- 


FIG.   4. 


tery  should   give  eight   amperes  for   12 
hours  at  two  volts. 

(B)   Since  upon  the  size  of  the  plates 
depends   in  part   the   current  delivered, 


you  can  make  a  close  estimate  for  your 
purpose  from  the  above  figures. 

(C)  This  depends  upon  the  voltage  of 
your  lamps.  A  battery  should  not  be 
discharged  below  1.75  volts  per  cell,  so 
dividing  the  voltage  of  your  lamps  by 
1.75  gives  number  of  cells  required. 

(D)  Cells  connected  in  series  give  the 
voltage  of  one  cell  multiplied  by  the 
number  of  cells,  and  the  current  of  one 
cell. 

Cells  connected  in  parallel  give  the 
voltage  of  one  cell  and  the  current  of  one 
cell  multiplied  by  the  number  of  cells.. 

(E)  See  answer  to  E.  R.  in  February 


issue. 


COIL  TO  EXPLODE  POWDER. 


Question. — Please  tell  me  what  kind  of  a 
spark  coil  I  would  need  to  explode  powder  at 
any  distance  up  to  one  mile. — C.  D. 

Answer. — Length  of  core,  6^  inches ; 
diameter,  13-16  inches;  diameter  over 
primary  winding,  134  inches;  size  of 
wire,  No.  14  B.  &  S.  gauge ;  weight  of 
wire,  8  ounces;  insulating  tubes  between 
primary  and  secondary,  3-32  inch ; 
length  of  secondary  winding,  4^  inches ; 
diameter,  2^£  inches ;  size  of  wire,  No. 
36  B.  &  S.  gauge,  number  of  sections, 
4;  weight  of  wire,  i}/2  pounds.  Con- 
denser: Size  of  tinfoil,  6  by  3  inches;; 
number  of  sheets,  40;  voltage,  8;  am- 
peres, 4.  See  "Two-Mile  Wireless  Out- 
fit" in  November  issue,  1908,  for  further 
construction  details. 

To  make  a  fuse  for  exploding  pow- 
der, provide  a  tube  of  paper,  large 
enough  to  slip  over  two  wires  well  in- 
sulated and  twisted  around  each  other, 
their  ends  for  1-16  of  an  inch  being 
bare  and  within  %  inch  of  each  other 
in  the  tube.  Fill  this  tube  with  fine  gun- 
powder, close  up  the  end  with  wax  and 
connect  the  two  free  ends  to  the  ends  of 
the  secondary  of  your  coil.  Place  this 
fuse  in  the  powder  to  be  exploded  and 
close  the  primary  circuit  of  the  coiL 

THE  NATIONAL  ELECTRICAL  CODE. 

This  department  will  be  glad  to  an- 
swer and  discuss  questions  pertaining  to 
the  installation  of  electric  wiring  and 
apparatus  in  accordance  with  the  Na- 
tional Electrical  Code,  Rules  and  Re- 
quirements of  the  National  Board  of 
Fire  Underwriters.  These  questions  will 
be  cared  for  by  an  electrical  engineer  and 
inspector  actively  engaged  in  field  work. 
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TELEPHONE  REPEATERS. 

Questions. —  (A)  Are  there  any  telephone 
repeaters  similar  to  the  telegraph  repeater  in 
working  principle  in  existence? 

(B)  Why  do  you  not  hear  yourself  talk  in 
the  telephone  ?— L.  A.  F.,  Lyons,  la. 

Answers. —  (A)  Yes.  Under  telephone 
relay  or  repeater  in  any  standard  work 
on  telephony  you  will  find  a  detailed  ac- 
count of  one-way  and  two-way  repeaters. 
The  diagram  shows  the  arrangement  of 
the  former.  Transmitter  (T),  battery 
(Bj),  induction  coil  (PS),  line  (L1L2j, 
microphone  contact  on  the  principle  of 
the  Blake  transmitter,  operating  with  a 
receiver  at  (M),  a  second  induction  coil 
(PS),    battery    (B2)    at   receiving   end, 
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TELEPHONE   REPEATER. 

operate  diaphragm  at  (M),  which  causes 
variation  of  resistance  of  contact  at 
(M),  allowing  corresponding  currents 
from  battery  (B2)  to  act  inductively  on 
the  receiver  (R)  with  reinforced  energy. 
(B)  Listen  to  your  receiver  while  you 
blow  into  your  transmitter.  Let  some 
one  talk  into  the  transmitter  in  a  quiet 
room,  while  you  stand  off  the  full  length 
of  the  receiver  cord  and  listen  in  the  re- 
ceiver. The  fact  is  you  do  hear  your- 
self through  the  instrument  but  your 
voice  is  so  much  stronger  that  you  do 
not  notice  it. 


GRAVITY  BATTERY;  SMALL    INDUCTION 
COIL. 

Questions. —  (A)  How  many  pounds  of  blue 
vitriol  will  it  take  for  a  gravity  battery  six  by 
eight  inches? 

(B)  I  am  to  make  an  induction  coil,  core 
four  inches  long  and  -/4  inch  in  diameter. 
How  much  No.  18  single  cotton  covered  wire 
will  be  required  for  four  layers  on  the  pri- 
mary? ^  How  much  No.  30  single  silk  covered 
wire  will  be  required  for  twelve  layers  for  the 
secondary?— A.  E.  H.,  Fenton,  Mich. 

Answers. — (A)  The  standard  "Crow- 
foot" cell  is  a  jar  six  inches  in  diameter 
by  eight  inches  high,  and  for  steady 
work  about  three  pounds  of  blue  vitriol 
is  sufficient. 


(B)  About  two  pounds  of  No.  18  for 
primary,  assuming  that  core  is  entirely 
covered,  and  *4  °f  a  pound  of  No.  30, 
B  and  S  gauge,  for  secondary. 


SPARK  PLUG  COIL  AND  WIRING. 

Question. —  (A)  Please  give  diagram  for 
wiring  a  three  binding  post  coil  with  vibrator 
to  a  make-and-break  spark  plug  on  gas  en- 
gine. (B)  Please  give  a  diagram  of  a  four 
binding  post  coil  in  circuit.  (D)  Could  I 
make  a  coil  by  making  a  core  and  winding  the 
primary  on  the  core  and  boiling  it  in  beeswax 
and  insulating  between  each  layer  of  wires, 
then  wind  on  the  secondary  and  boil  each 
winding,  insulating  with  paper  and  taking  care 
not  to  wind  close  to  ends  of  coil?  (D) 
Would  such  a  coil  do  for  wireless  telegraphy 
if  made  eight  or  nine  inches  long?  (E)  What 
size  wire  should  I  use? — W.  W.,  Novinger, 
Mo. 

Answers. —  (A)  See  Fig.  1  in  which  are 
timer  (T),  plug  (P),  and  vibrator  (V). 


FIG. 


1.     WIRING   OF  A  THREE   BINDING 
POST    COIL. 


(B)   See  Fig.  2. 

(C  to  F)  You  would  need  good  insu- 
lation between  the  primary  and  second- 
ary  and   also   sectional   winding   of  the 


fig.  2. 


WIRING    OF    A    FOUR    BINDING 
POST  COIL. 


secondary.  See  "Construction  of  a  Two- 
Mile  Wireless  Outfit"  and  also  answers 
to  a  Reader,  C.  R.  B.,  G.  S.  and  C.  E., 
in  the  November  issue,   190S. 


TELEPHONE  MAGNETO. 

Question.— Can  a  telephone  magneto  be 
changed  so  it  will  give  direct  current  without 
changing   armatures?' — A.    M..    Alhamhr.. 

Answer.— Yes.  See  answers  to  ques- 
tions (C)  and  (D)  of  V.  E.  II..  this  de- 
partment, July  issue,   1908. 


NEW   ELECTRICAL    INVENTIONS. 


ADVERTISING  AUTOMATON. 

A  unique  advertising  "stunt"  is  illus- 
trated in  the  accompanying  cut.  It  con- 
sists of  an  electrically  operated  automa- 
ton used  to  advertise  smokers'  supplies. 
The  figure  is  provided  with  a  movable 
head  and  arm  which  are  operated  by  a 
series  of  levers  and  cams,  run  by  a  small 
motor.     The  hand  moves  up  to  the  face 


ADVERTISING    AUTOMATON. 

and  inserts  a  cigar  in  the  mouth.  The 
figure  apparently  takes  a  deep  puff  and 
the  cigar  is  withdrawn.  Then  the  head 
tilts  back  and  a  little  volume  of  steam, 
from  a  small  boiler  beneath  the  figure,  is 
blown  from  the  lips,  simulating  smoke. 
In  the  mouth  there  is  a  contact  plate 
which  is  connected  by  a  wire  with  one 
side  of  a  battery.  In  the  end  of  the 
cigar  which  is  placed  in  the  mouth  is 
another  contact  plate,  which  is  connected 
through   a    small    incandescent   lamp   in 


the  outer  end  of  the  cigar  to  the  other 
side  of  the  battery.  Thus  when  the  cigar 
is  placed  in  the  mouth  the  two  contact 
plates  are  brought  together  and  the  lamp 
lights  up.  The  end  of  the  cigar  contain- 
ing the  lamp  is  formed  of  frosted  glass 
made  to  represent  ashes,  so  that  the 
effect  produced  is  startlingly  realistic. 

The  inventor  of  this  ingenious  ap- 
paratus is  Daniel  F.  Brown  of  South 
Framingham,   Mass. 


ELECTRIC  BELL  FOR  LIGHT  CIRCUITS. 

There  is  a  great  demand  for  some 
means  for  operating  an  alarm  bell  from 
the  electric  lighting  circuit  instead  of  by 
dry  batteries.  The  ordinary  call  bell 
cannot  be  operated  in  this  way  without 
a  transformer  or  resistance  of  some  sort 
to  keep  the  coils  of  the  bell  from  being 
burned  out. 

A  special  type  of  bell  for  connection 


ELECTRIC 


BELL    FOR    LIGHTING 
CIRCUITS. 


CIR- 


to  the  lighting  circuit  is  shown  in  the 
cut  herewith.  It  is  the  invention  of  E. 
P.  Steen  of  Cripple  Creek,  Colo. 

At  the  bottom  of  the  bell  is  a  tube 
containing  an  iron  plunger.     The  tube  is 
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surrounded  by  a  magnetizing  coil  which' 
is  in  circuit  with  the  lighting  wires  when 
the  button  is  pushed.  The  current  then 
flows  around  the  coil  and  sucks  up  the 
plunger,  on  the  solenoid  principle,  strik- 
ing the  bell  or  gong.  The  little  lamp  at 
the  right  cuts  down  the  strength  of  the 
current  in  the  coil  and  at  the  same  time 
lights  up  and  forms  a  visual  signal. 


ELECTRIC  RAT  TRAP. 

This  unique  device  for  killing  rats 
consists  of  four  metal  plates  insulated 
from  each  other.  To  the  first  and  third 
plates  are  connected  a  wire  from  one 
side  of  the  ordinary  lighting  circuit.  To 
the  second  and  fourth  plates  runs  a  wire 
from  the  other  side  of  the  circuit.    Thus 


ELECTRIC   RAT  TRAP. 


adjoining  plates  are  of  opposite  polarity 
and  a  rat  stepping  across  from  one  to  an- 
other is  electrocuted.  This  ingenious 
trap  is  the  invention  of  John  T.  Norris 
of  Troy,  S.  C. 


ALUMINUM  SOLDER. 

One  of  the  things  inventors  have  been 
working  on  for  a  long  time  is  to  obtain 
an  effective  solder  for  joining  aluminum 
to  aluminum.  Lack  of  such  a  solder  has 
been  one  of  the  drawbacks  in  the  more 
extensive  use  of  aluminum  in  electrical 
work. 

A  new  compound  for  this  purpose  has 
been  patented  by  Harry  B.  Lambert  of 
North  Pelham,  N.  Y.  It  consists  of  68 
parts  of  tin,  29  parts  of  zinc,  two  parts 
of  antimony  and  one  part  of  phosphor- 
ous, by  weight.  These  different  compo- 
nent   parts    are    first    thoroughly    heated 


separately  to  a  liquid  form,  then  thor- 
oughly mixed  and  allowed  to  cool  off 
and  then  used  in  the  form  of  what  is 
commonly  known  as  bar  solder. 


BUTCHERS'    ELECTRICALLY     OPERATED 
SAW. 

A  meat  saw  which  is  operated  by  a 
motor  and  which  is  easily  adjusted  to  the 
work  in  hand  is  shown  in  the  cut.  The 
saw,  which  is  partially  enclosed  in  a  pro- 
tective housing,  is  suspended  by  cords 
and  weights  from  two  wheels  which  run 
on  an  overhead  track.     Another  parallel 


BUTCHERS'    ELECTRIC    SAW. 

track  carries  an  electric  motor  from 
which  depends  a  flexible  shaft  to  turn 
the  saw.  The  weights  just  about  balance 
the  saw  and  its  housing  so  that  the  lat- 
ter may  be  readily  raised  up  out  of  the 
way  when  not  in  use.  The  inventor  is 
T.  A.  Tubbs  of  Treadwell,  District  of 
Alaska. 
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"What's  that  curious-looking  charm  you  are 
wearing    on   your   watch-chain?" 

"That  is  our  new  coat-of-arms — chauffeur 
rampant,  policeman  couchant,  justice  of  the 
peace  expectant." 

*     *     * 

An  Englishman  said  he  liked  babies  best 
when  they  cried,  and  on  being  asked  why,  re- 
plied, "Because  then  they  are  taken  out  of  the 
room." 


seb  (djuib)  MAy> 
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Courtesy  The  Electric  Traction  Weekly. 

"Now,"  said  the  teacher,  proposing  a  prob- 
lem, "suppose  I  had  ten  dollars  and  went  into 
a  store  to  spend  it.  Say  I  bought  a  hat  for 
five  dollars.  Then  I  spent  two  dollars  for 
gloves,  and  a  dollar  and  fifty  cents  for  some 
other  things.     How  much  did  I  have  left?" 

For  a  moment  there  was  dead  silence.  Then 
a  boy's  hand  went  up. 

"Well,  Isaac,  how  much  did  I  have  left?" 

"Vy  didn't  you  count  your  change?"  said 
Isaac,   with  a  disgusted  tone. 

*  *     * 

A  widower  who  was  married  recently  for  the 
third  time  and  whose  bride  had  been  married 
once  before  herself,  wrote  across  the  bottom 
of  the  wedding  invitations:  "Be  sure  and 
come;  this  is  no  amateur  performance." 

*  *     * 

They  were  looking  up  at  the  latest  sky- 
scraper. "But  what  are  those  things  sticking 
out  from  the  sides?"  asked  the  up-state  friend. 

"Those?  Oh,  those  are  mile  posts!"  an- 
swered the  New  Yorker. 


An  old  darkey  wanted  to  join  a  fashionable 
church  on  Fifth  Avenue,  New  York,  and  the 
minister,  knowing  it  was  hardly  the  thing  to 
do,  and  not  wanting  to  hurt  his  feelings,  told 
him  to  go.  home  and  pray  over  it.  In  a  few 
days  the  darkey  came  back. 

"Well,  what  do  you  think  of  it  by  this  time?" 
asked  the  preacher. 

"Well,  sah,"  replied  the  colored  man,  "Ah 
prayed  an'  prayed,  an'  de  good  Lawd  he  says 
to  me,  'Rastus,  I  wouldn't  boddah  my  haid 
'bout  dat  no  mo';  Ah've  been  tryin'  to  git  into 
that  chuch  mahself  for  de  las'  twenty  years, 
and  I  hain't  done  had  no  luck!'  " 


AN  AERIAL  TROLLEY  PARTY. 

A  burglar  who  had  entered  a  minister's 
house  at  midnight  was  disturbed  by  the  waking 
of  the  occupant  of  the  room  he  was  in.  Draw- 
ing his  pistol,  he  said:  "If  you  stir  you  are  a 
dead  man.     I  am  hunting  for  money." 

"Let  me  get  up  and  strike  a  light,"  said  the 
minister,    "and  I  will  hunt  with  you." 
*     *     * 

A  psychologist  came  upon  a  hard-working 
Irishman,  toiling,  bare-headed,  in  the  street. 

"Don't  you  know,"  asked  the  psychologist, 
"that  to  work  in  the  sun  without  a  hat  is  bad 
for  your  brain?" 

"D'ye  think,"  said  the  Irishman,  "that  Oi'd 
be  on  this  job  if  Oi  had  any  brains?" 
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Mistress— "Did    the    mustard    plaster  do    you 

any   good,    Bridget?"  _ 

Maid— "Yes;  but,  begorry,  mum,  ut  do  bite 
the   tongue!" 

"That's  a  curious  mule  you're  driving,"  re- 
marked the  man  who  was  ■  whittling  a  pine 
stick. 

"Yassar,"  answered  Erastus  Pinkley.  "He's 
kind  of  cur'us." 

"What  will  you  take  for  him?" 

"What' 11  I  take  foh  him?  Say,  boss,  is  you 
referrin'  to  dat  mule  as  a  piece  o'  property  or 
an  affliction?" 


A  diffident  man  who  had  been  asked  to  re- 
spond to  a  toast  at  a  banquet  grew  more  and 
more  nervous  as  the  time  approached  when  he 
should  be  called  on.  When  at  last  the  critical 
moment  arrived,  he  gripped  the  edge  of  the 
table  and  rose  uncertainly. 

"Gentlemen,"  he  said,  "when  I  heard  I  was 
to  be  called  upon  this  evening  I  made  the  ef- 
fort of  my  life,  and  really  the  result  was  a  fine 
speech.  I  made  one  telling  point  after  another 
— but  I  kept  my  scintillations  strictly  to  myself 
for  a  surprise.  Only  myself  and  God  knew  that 
speech;  and  now — God  only  knows  it."  And  he 
sat  down. 


L , 


Courtesy  Chicago  Tribune. 


"Now,  children,"  said  the  teacher,  "is  the 
sentence,  'The  horse  and  cow  is  in  the  pas- 
ture'   correct?" 

"No,  ma'am,"  said  Johnny. 

"What  is  the  matter,  Johnny?"  asked  the 
teacher. 

"Please,  ma'am,  the  lady  should  be  mentioned 
first." 


Two  London  cabbies  were  glaring  at  each 
other. 

"Aw,  wot's  the  matter  with  you?"  demanded 
one. 

"Nothink's  the  matter  with  me,  you  bloomin' 
idiot." 

"You  gave  me  a  narsty  look,"  persisted  the 
first. 

"Me?  Why,  you  certainly  'ave  a  narsty  look, 
but  I  didn't  give  it  to  you,  so  'elp  me!" 


A  disheveled  man,  much  the  worse  for  liquor, 
staggered  out  of  a  Maine  "speak-easy"  and  la- 
boriously propped  himself  against  the  door 
For  a  while  he  owlishly  surveyed  the  passers- 
by.  Suddenly  his  foot  slipped  and  he  col- 
lapsed in  a  heap  on  the  sidewalk.  A  moment 
later  he  was  snoring. 

A  hurrying  pedestrian  paused,  reflectively  sur- 
veyed the  fallen  man  for  a  few  seconds,  and 
then   poked   his   head   in   the   door. 

"Oh.  Frank,"  he  called.  "Frank.  Come 
out  here  a  minute." 

Presently  the  proprietor  of  the  joint,  smok- 
ing a  fat  cigar,  emerged.  He  blinked  In  the 
bright   sunlight. 

"Hello,  Hud,"  he  said,  pleasantly.  ,\\  hat's 
up?" 

Hud  jerked  his  thumb  toward  the  slumberer 
on   the   sidewalk. 

"Ver  sign  has  fell  down."  he  explained,  and 
briskly    resumed    his   walk   uptown. 


ELECTRICAL  DEFINITIONS. 


Accumulator. — Storage    battery. 

Alternating  Current. — That  form  of  electric 
current  the  direction  of  flow  of  which  reverses 
a  given  number  of  times  per  second. 

Ammeter. — An  instrument  for  measuring  elec- 
tric  current. 

Ampere. — Unit  of  current.  It  is  the  quantity 
of  electricity  which  will  flow  through  a  resist- 
ance of  one  ohm  under  a  potential  of  one  volt. 

Ampere  Hour. — Quantity  of  electricity  passed 
by  a  current  of  one  #mpere  flowing  for  one 
hour. 

Anode. — The  positive  terminal  in  a  broken 
metallic  circuit;  the  terminal  connected  to  the 
carbon  plate  of  a  battery. 

Armature. — That  part  of  a  dynamo  or  motor 
which  carries  the  wires  that  are  rotated  in  the 
magnetic  field. 

Branch  Conductor. — A  parallel  or  shunt  con- 
ductor. 

Brush. — The  collector  on  a  dynamo  or  motor 
which  slides  over  the  commutator  or  collector 
rings. 

Bus  Bars. — The  heavy  copper  bars  to  which 
dynamo  leads  are  connected  and  to  which  the 
out-going  lines,  measuring  instruments,  etc., 
are   connected. 

Buzzer. — An  electric  alarm  similar  to  an  elec- 
tric bell,  except  that  the  vibrating  member 
makes  a  buzzing  sound  instead  of  ringing  a  bell. 

Candle  Power. — Amount  of  light  given  off  by 
a  standard  candle.  The  legal  English  and 
standard  American  candle  is  a  sperm  candle 
burning  two   grains  a  minute. 

Capacity,  Electric. — Relative  ability  of  a  con- 
ductor or  system  to  retain  an  electric  charge. 

Charge. — The  quantity  of  electricity  present 
on  the  surface  of  a  body  or  conductor. 

Choking   Coil. — Coil   of  high  self-inductance. 

Circuit. — Conducting  path  for  electric  current. 

Circuit-breaker. — Apparatus  for  automatical- 
ly opening  a   circuit. 

Collector  Rings. — The  copper  rings  on  an  al- 
ternating current  dynamo  or  motor  which  are 
connected  to  the  armature  wires  and  over 
which   the   brushes    slide. 

Commutator. — A  device  for  changing  the  di- 
rection  of   electric  currents. 

Condenser. — Apparatus  for  storing  up  elec- 
trostatic charges. 

Cut-out. — Appliance  for  removing  any  appa- 
ratus  from   a   circuit. 

Cycle. — Full  period  of  alternation  of  an  alter- 
nating current  circuit. 

Diamagnetic. — Having  a  magnetic  permeabil- 
ity inferior   to  that   of   air. 

Dielectric. — A  non-conductor. 

Dimmer. — Resistance  device  for  regulating  the 
intensity  of  illumination  of  electric  incandescent 
lamps.     Used   largely  in   theaters. 

Direct  Current. — Current  flowing  continuously 
in  one  direction. 

Dry  Battery. — A  form  of  open  circuit  battery 
in  which  the  solutions  are  made  practically 
solid  by  addition  of  glue  jelly,  gelatinous  silica, 
etc. 

Electrode. — Terminal  of  an  open  electric  cir- 
cuit. 

Electromotive       Force. — Potential  .orence 

causing  current  to  flow. 

Electrolysis. — Separation  of  a  chemical  com- 
pound into  its  elements  by  the  action  of  the 
electric    current. 

Electromagnet. — A    mass    of    iron      wr  is 

magnetized  by  passage  of  current  th^.  ugh  a 
coil  of  wire  wound  around  the  mass  'but  in- 
sulated therefrom. 

Electroscope. — Instrument  for  detecting  the 
presence  of   an  electric  charge. 

Farad. — Unit   of   electric   capacity. 

Feeder. — A  copper  lead  from  a  central  station 
to  some   center  of  distribution. 

Field  of  Force. — The  space  in  the  neighbor- 
hood of  an  attracting  or  repelling  mass  or 
system. 

Fuse. — A  short  piece  of  conducting  material 
of  low  melting  point  which  is  inserted  in  a 
circuit  and  whxch  will  melt  and  open  the  cir- 
cuit when  the  current  reaches  a  *-■     tin  value. 


Galvanometer. — Instrument  for  measuring 
current  strength. 

Generator. — A    dynamo. 

Inductance. — The  property  of  an  electric  cir- 
cuit by  virtue  of  which  lines  of  force  are  de- 
veloped around  it. 

Insulator. — Any  substance  impervious  to  the 
passage  of  electricity. 

Kilowatt.— 1,000   watts.      (See   watt.) 

Kilowatt- hour. — One  thousand  watt  hours. 

Leyden  Jar. — Form  of  static  condenser  which 
will  store  up  static  electricity. 

Lightning  Arrester. — Device  which  will  per- 
mit the  high-voltage  lightning  current  to  pass 
to  earth,  but  will  not  allow  the  low  voltage  cur- 
rent of  the  line  to  escape. 

Motor-dynamo. — Motor  and  dynamo  on  the 
same  shaft,  for  changing  alternating  current  to 
direct  and  vice  versa  or  changing  current  of 
high  voltage  and  low  current  strength  to  cur- 
rent of  low  voltage  and  high  current  strength 
and  vice  versa. 

Multiple. — Term  expressing  the  connection  of 
several  pieces  of  electric  apparatus  in  parallel 
with  each  other. 

Multiple    Circuits. — See   parallel    circuits. 

Neutral  Wire. — Central  wire  in  a  three-wire 
distribution  system. 

Ohm. — The  unit  of  resistance.  It  is  arbi- 
trarily taken  as  the  resistance  of  a  column  of 
mercury  one  square  millimeter  in  cross  section- 
al area  and  106  centimeters  in  height. 

Parallel  Circuits. — Two  or  more  conductors 
starting  at  a  common  point  and  ending  at  an- 
other common  point. 

Polarization. — The  depriving  of  a  voltaic  cell 
of  its  proper  electromotive  force. 

Potential. — Voltage. 

Resistance. — The  quality  of  an  electrical  con- 
ductor by  virtue  of  which  it  opposes  the  pas- 
sage of  an  electric  current.  The  unit  of  re- 
sistance is  the  ohm. 

Rheostat. — Resistance  device  for  regulating 
the  strength  of  current. 

Rotary  Converter.  —  Machine  for  changing 
high-potential  current  to  low  potential  or  vice 
versa. 

Secondary  Battery. — A  battery  whose  positive 
and  negative  electrodes  are  deposited  by  cur- 
rent from  a  separate  source  of  electricity. 

Self- inductance. — Tendency  of  current  flowing 
in  a  single  wire  wound  in  the  form  of  a  spiral 
to  react  upon  itself  and  produce  a  retarding 
effect   similar  to   inertia  in   matter. 

Series. — Arranged  in  succession,  as  opposed  to 
parallel  or  multiple  arrangement. 

Series  Motor. — Motor  whose  field  windings  are 
in  series  with  the  armature. 

Shunt. — A  by-path  in  a  circuit  which  is  in 
parallel  with   the   main  circuit. 

Shunt  Motor. — Motor  whose  field  windings 
are  in  parallel  or  shunt  with  the  armature. 

Solenoid. — An  electrical  conductor  wound  in 
a  spiral  and  forming  a  tube. 

Spark-gap. — Space  between  the  two  electrodes 
of  an  electric  resonator. 

Storage    Battery. — See    secondary   battery. 

Thermostat. — Instrument  which,  when  heated, 
closes  an  electric  circuit. 

Transformer. — A  device  for  stepping-up  or 
stepping-down  alternating  current  from  low  to 
high  or  high  to  low  voltage,  respectively. 

Volt. — Unit  of  electromotive  force  or  potential. 
It  is  the  electromotive  force  which,  if  steadily 
applied  to  a  conductor  whose  resistance  is  one 
ohm,  will  produce  a  current  of  one  ampere. 

Voltage. — Potential  difference  or  electromotive 
force. 

Volt  Meter. — Instrument  for  measuring  volt- 
age. 

Watt. — Unit  representing  the  rate  of  work  of 
electrical  energy.  It  is  the  rate  of  work  of  one 
ampere  flowing  under  a  potential  of  one  volt. 
Seven  hundred  and  forty-six  watts  represent 
one  electrical  horse   power. 

Watt- hour. — Electrical  unit  of  work.  Repre- 
sents work  done  by  one  watt  expended  for  one 
hour. 
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THE  LIGHTING  OF  SHOW  WINDOWS. 


BY  WILLIAM   KEILY. 


When  the  lighting  of  the  show  win- 
dows of  stores  is  spoken  of,  it  is  of 
course  assumed  that  electric  lighting  is 
meant,  for  this  is  certainly  one  branch 
of  illumination  where  the  advantages  of 
electricity  must  be  universally  conceded. 
One  has  but  to  imagine  the  sorry  figure 
that  the  store  fronts  in  any  of  our 
American  cities  would  present  to  our 
twentieth-century  eyes,  after  dusk,  if 
any  other  illuminant  were  used,  to  real- 
ize that  it  is  a  case  of  "Eclipse  first ;  the 
rest  nowhere." 

But  while  all  up-to-date  show  win- 
dows are  lighted  electrically,  there  are 
about  as  many  methods  of  accomplish- 
ing the  result  as  there  are  window  trim- 
mers or  designers,  to  say  nothing  of  the 
illuminating  engineers,  who  have  ideas 
of  their  own  on  the  subject.  As  might 
be  expected,  the  engineers  and  the  de- 
signers of  window  displays  do  not  al- 
ways agree.  The  engineer  is  a  man 
whose  shibboleth  is  "efficiency";  he  is  to 
do  with  one  dollar  what  any  fool  can  do 
with  two.  He  wants  to  get  the  greatest 
amount  of  useful  light  in  that  window  at 
the  least  cost.  Very  likely  he  will  favor 
the  tungsten  lamp,  with  its  high  effi- 
ciency and  its  beautiful  white  light,  di- 
rected where  needed  by  reflectors  de- 
signed with  mathematical  accuracy. 

On  the  other  hand,  the  high-class  win- 
dow trimmer  is  an  artist.  He  aims  to 
produce  beautiful  effects  by  combina- 
tions of  color  and  form.  He  has  in 
mind  the  apparent  changes  in  form  when 
viewed  under  different  colors — a  sub- 
ject but  little  understood.  He  has  his 
designs,    his    backgrounds,    his    comple- 


mentary colors,  his  tones  and  tints. 
"Softly,  softly,"  he  may  say  to  the  en- 
gineer ;  "we  do  not  want  a  white  light ; 
we  want  a  yellow  with  some  red  in  it — 
a  warm,  friendly  flesh  tint,  not  a  glare 


ceiling  of  window 

transom  with  curtain 
:hind  glass 


SASH 


ARRANGEMENT     OF    CON  OKA  LED     TROUGH 
LIGHTS,    SHOWING   ANGLE    OF    GREAT- 
EST   ILLUMINATION. 

of  white;  white  is  harsh."     And  he  will 
probably  have  his  way. 

The  present  article  is  accompanied  bv 
some  photographs,  taken  about  midnight 
or  2  o'clock  in  the  morning,  when  the 
sidewalks       are      comparatively       clear, 
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showing  the  beautiful  window  displays 
and  window  lighting  of  the  famous  re- 
tail store  of  Marshall  Field  &  Co.  in 
Chicago.  Such  effects  as  these  are  only 
obtained  by  the  highest  degree  of  artis- 
tic skill  backed  by  lavish  expenditure ; 
but  it  is  to  be  remembered  that  the  light- 
ing effects,  which  are  excellent,  are  ob- 
tained by  very  simple  means ;  they  can 
be  duplicated  at  small  expense  in  win- 
dows much  less  pretentious. 


trie  lamps  of  16  candlepower  each  and 
spaced  about  six  inches  apart.  These 
lamps  have  the  ordinary  carbon  fila- 
ments and  produce  the  familiar  yellow- 
ish light.  They  are  invisible  to  the  spec- 
tator unless  he  twists  his  neck  around 
and  makes  a  particular  effort  to  look  at 
them.  The  idea  is  to  show  the  mer- 
chandise, not  the  lights.  Each  lamp 
carries  its  own  reflector ;  that  is,  the 
upper  half  of  the  round  bulb  is  silvered 


IN   THIS  VIEW   THE   ANGLE   OF   LIGHT   IS    PLAINLY  SHOWN  AT  THE  LEFT. 


Referring  to  the  accompanying  dia- 
grammatic sketch,  it  will  be  seen  that 
the  lamps  are  contained  in  a  trough 
placed  back  of  the  framing  or  sash 
which  separates  the  main  part  of  the 
window  pane  (which  is  a  single  sheet 
of  glass  about  12  feet  high  and  17  feet 
wide)  from  the  upper  part  or  transom, 
behind  which  is  a  draped  curtain.  This 
trough  is  of  wood,  painted  white  on  the 
inside  and  shaped  as  shown  in  the 
sketch.  Inside  it,  at  an  angle  of  about 
35  degrees,  are  round  incandescent  elec- 


like  a  mirror.  When  the  reflecting  pow- 
er becomes  lessened  the  lamp  or  lamps 
may  be  replaced  easily. 

As  shown  in  the  diagram  the  lamps 
are  so  placed  that  the  greatest  amount 
of  light  comes  where  it  is  most  wanted, 
and  that  is  on  the  plane  extending  from 
the  eyes  of  a  spectator  of  average 
height.  The  upper  part  of  the  window 
does  not  need  much  light  and  does  not 
get  it.  In  some  of  the  pictures  the  an- 
gle of  light  is  clearly  shown.  In  two  of 
them  rows  of  lights  can  be  seen  appar- 
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ently,  but  these  are  reflections  of  lights 
in  glass  partitions ;  the  lamps  themselves 
are  invisible. 

While  the  source  of  general  illumina- 
tion is  carefully  concealed,  it  is  some- 
times desirable  to  show  a  few  decorative 
lamps  in  the  window  setting.  One  of 
the  pictures  reveals  some  beautiful 
overhead  fixtures,  in  which  16-candle- 
power  lamps  are  concealed  in  circular 
fringes  of  glass  tubing.  The  average 
length  of  these  glass  tubes  is  18  inches. 
In  the  same  photograph  are  to  be  seen 
some  modern  bracket  fixtures  arranged 
to  look  like  candles.  The  frontispiece 
shows  the  pretty  effect  obtained  by  vines 
climbing  on  hollow  pillars  of  glass  with 
lights  within. 

*  Window  decorating  is  an  art  by  itself. 
In  some  respects  it  is  like  stage  setting. 
For  instance,  in  the  retail  store  of  Mar- 
shall Field  &  Co.  there  are  40  show  win- 
dows facing  the  sidewalk.  Each  of 
these  window  spaces  is  17  feet  high,  22 
feet  wide  and  9^2  feet  deep.  Here  is  a 
room  of  considerable  size,  for  which,  on 
a  grand  occasion,  a  design,  a  setting,  a 
picture,  must  be  provided.  At  the  open- 
ing of  the  new  store  in  1907  a  force  of 
300  people  was  employed  for  six  months 
making  window  decorations.  The  head 
window  trimmer  gets  a  larger  salary 
than  any  other  man  in  his  profession  in 
the  United  States. 

But,  unlike  the  stage,  there  is  no  il- 
lusion. Everything  displayed  is  genu-^ 
ine  and  is  shown  both  by  daylight  and 
artificial  light.  Imagine  a  stage  setting 
in  broad,  garish  day !  In  window  dress- 
ing in  the  great  retail  stores  the  richest 
of  satins,  silks,  damasks  and  gold  em- 
broidery are  used.  Sometimes  the  dec- 
oration, irrespective  of  the  objects  dis- 
played, costs  a  thousand  dollars  for  a 
single  window. 

Show  window  lighting  is  one  of  the 
most  attractive  features  of  city  streets. 
It  may  be  simple  or  elaborate,  direct  or 
indirect,  with  white  light  or  colored, 
from  any  of  a  variety  of  lamps,  ar- 
ranged in  one  of  a  myriad  of  forms ; 
there  is  no  hard-and-fast  rule  to  follow. 
Every  merchant  must  adapt  his  means 
to  his  end,  but  one  thing  is  certain,  if  he 
is  to  get  the  best  value  out  of  his  win- 
dows, he  must  light  them  attractively  by 
electricity. 


THE  SINGER  TOWER  AT£NlGHT 

Viewed  at  night  from  Brooklyn 
Bridge,  or  from  any  point  on  North 
River,  East  River,  or  the  Bay,  the  lofty 
tower  of  the  Singer  Building  in  New 
York  looms  up  above  the  shadowy  out- 
lines of  the  city  as  the  brightest  object 
in  all  the  range  of  vision.  The  front 
cover  picture  in  this  issue  is  a  striking 
view  of  this  remarkable  example  of 
electrical  illumination  which  was 
planned  throughout  by  Mr.  W.  D'A. 
Ryan,  illuminating  engineer  of  the  Gen: 
eral  Electric  Company. 

The  dome  of  the  building,  which  be- 
gins at  the  forty-fifth  floor,  is  outlined 
with  incandescent  lamps,  but  the  main 
body  of  the  tower  is  thrown  into-  bold 
relief  by  30-inch  searchlights,  thirty  in 
number.  The  east,  south  and  west  sides 
are  lighted  from  the  eighteenth  to  the 
thirty-fourth  floor  by  searchlights  on  the 
fourteenth  floor  level,  which  is  the  point 
at  which  the  tower  proper  begins.  The 
north  side  is  lighted  from  the  twenty- 
fifth  to  the  thirty-fourth  floor,  the  lights 
being  located  on  the  roof  of  the  City 
Investing  Building,  which  conceals  the 
lower  portion  of  the  face.  The  search- 
lights are  provided  with  special  lenses  to 
insure  an  even  distribution  of  light  over 
the  faces  of  the  tower.  The  flag,  which 
waves  at  a  point  625  feet  above  the  curb, 
is  illuminated  by  a  special  36-inch  pro- 
jector in  addition  to  those  provided  for 
the  tower  lighting. 


TO  ASCERTAIN  POLARITY. 

A  reader  of  Popular  Electricity  of- 
fers the  following  method  of  ascertain- 
ing the  polarity  of  a  circuit.  Dip  blot- 
ting paper  in  a  solution  of  potassium 
iodide  (it  can  be  used  any  time  by  moist- 
ening with  water).  Place  the  two  elec- 
trodes near  together  on  the  paper.  The 
paper  at  the  positive  terminal  will  turn 
a  deep  violet. 


At  a  recent  25-mile  test  in  the  crowd- 
ed streets  of  New  York  an  electric  de- 
livery wagon  defeated  a  gasoline  wagon 
of  the  same  capacity  by  12  minutes.  The 
route  lay  through  a  very  busy  section 
where  quick  maneuvering  and  frequent 
stops  were  necessary. 
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CATCHING    THE    SPEEDING    MOTORIST. 

In  the  day  time  the  constables  who 
amuse  themselves  by  timing  motorists 
and  arresting  those  who  exceed  the  speed 
limits  have  it  all  their  own  way.  The 
night  time  has  been  the  motorists'  time 
for  turning  the  tables.  It  is  difficult  to 
catch  a  man's  speed  at  night  and  coun- 
sel for  the  defense  never  had  much 
trouble  in  tripping  the  local  timer  and 
witness  for  the  prosecution. 

"How  do  you  know  he  was  going  at 
the  speed  you  state?"  asks  counsel  for 
the  defense  in  thundering  tones. 

"I  timed  him  by  my  watch,"  answers 
the  witness. 

"Oh,  you  did,  did  you,"  comes  back 
the  counsel  with  the  cross  examiner's 
tinge  of  sarcasm.  "Well,  how  did  you 
make  out  the  time  on  your  watch,  con- 
sidering the  night  on  which  you  say  you 
timed  him  was  pitch  dark  and  there  was 
no  lamp  in  your  vicinity?" 

This  always  reduces  the  witness  to 
confusion  or  the  necessity  for  inventing 
unconvincing  tales  of  matches  struck  on 
a  dark  and  windy  night  or  of  a  positive 
recollection  of  the  time  as  caught  by  the 
light  of  the  whirling  lamps  of  the  vic- 
tim's own  machine. 

In  Europe  they  have  tried  all  kinds 
of  ideas  to  overcome  the  difficulty  of  ac- 
curately timing  the  speed  of  a  motorist 
and  doing  it  in  a  way  that  will  be  con- 
vincing in  court.  The  police  of  Eng- 
land have  resorted  to  signaling  from 
roofs,  an  uncomfortable  and  unreliable 
method  of  timing  the  speeders.  They 
have  sworn  to  the  time  as  caught  from 
sun  dials  and  have  proved  learned  and 
positive  concerning  timing  done  by  a 
watch  without  a  second  hand. 

The  ease  with  which  an  astute  lawyer 
has  made  these  witnesses  appear  ridicu- 
lous in  court  has  at  last  prompted  a 
scientific  inventor  to  come  to  the  rescue 
with  a  simple  little  contrivance  that  is 
proving  the  undoing  of  "scorchers"  who 
exceed  the  speed  limits  at  night,  thinking 
they  can  do  it  with  impunity  on  account 
of  the  friendly  darkness. 

The  device,  as  used  on  the  road  from 
London  (Eng.)  to  Portsmouth,  is  a  small 
electric  flash  lamp  that  is  used  with  a 
timing  clock.  The  little  apparatus  is  so 
small  that  it  can  easily  be  carried  in  a 
policeman's  pocket.  When  he  has  reason 
to    believe    that    an     approaching   auto- 


mobile is  going  faster  than  the  law  allows 
he  reaches  for  his  pocket  clock,  holds  this 
in  one  hand  and  with  the  other  has  in 
readiness  the  electric  button  that  flashes 
a  lamp  on  the  face  of  the  clock  at  the 
moment  the  motorist  is  passing.  Down 
the  line  another  policeman  waits  with  his 
flash  lamp  ready  and  the  time  is  taken  at 
the  given  distance.  There  is  no  possi- 
bility of  confusing  a  witness   as   to  his 


RLKCTRTC     TIMING     DEVICE     FOR     POLK 

MEN. 

method  of  timing  when  one  oi  these 
little  electric  flash  lamps  is  used.  The 
light  is  there  and  the  pressing  0f  the 
button  at  the  time  of  the  passing  of  the 
automobile  is  so  obviously  a  mechanical 
way  of  ensuring  the  absolute  accuracy  of 
the  timing  o\  the  motor's  passing  that 
there  is  little  to  be  done  except  pa}  the 
fine  and  be  more  careful  in  future. 


ELEMENTARY  ELECTRICITY. 


BY     PROF.     EDWIN     J.      HOUSTON,     PH.      D.      ( PRINCETON) 
CHAPTER    XII. CATHODE    RAYS. 


Besides  the  effects  produced  by  the 
passage  of  electricity  through  ordinary 
matter,  there  are  additional  effects  that 
are  observed  only  when  the  path  of  the 
discharge  is  through  the  residual  atmos- 
pheres of  very  high  vacua. 

When  a  disruptive  discharge  is  passed 
through  a  closed  vessel  containing  air, 
as  long  as  the  pressure  is  the  same  as 
that  of  the  outer  atmosphere,  no  unusual 
phenomena  are  observed.  If,  however, 
the  air  is  gradually  removed,  the  sparks 
begin  to  widen,  and  when  the  vacuum 
reaches  a  certain,  but  not  very  high 
point,  they  occupy  the  entire  space  in- 
side the  vessel,  filling  it  with  a  pale 
glow  of  a  bluish  or  purplish  light  that  is 
separated  from  the  cathode,  or  negative 
electrode,  by  a  narrow  dark  space,  while 
a  small  bright  point,  or  star  of  light,  ap- 
pears at  the  anode  or  positive  electrode. 

When  a  higher  vacuum  is  reached,  the 
light  breaks  up  into  numerous  striae  or 
alternate  light  and  dark  bands.  At  a 
still  higher  vacuum  the  dark  space  oc- 
cupies the  entire  vessel,  all  the  light  dis- 
appearing except  a  greenish  light  that 
appears  at  the  wall  of  the  tube  that  re- 
ceives a  bombardment  from  the  cathode. 

The  following  facts  have  been  discov- 
ered concerning  these  discharges, 
namely : 

(i.)  Something  is  thrown  with  great 
velocity  from  the  surface  of  the  cathode. 
At  one  time  these  were  believed  to  be  the 
molecules  of  the  residual  gaseous  atmos- 
phere, but  are  now  known  to  consist  of 
minute  particles  torn  from  the  atoms  of 
the  residual  gas  at  the  cathode. 

(2.)  During  the  discharge,  the  tem- 
perature of  the  cathode  is  higher  than 
that  of  the  anode. 

(3.)  The  light  produced  is  especial- 
ly rich  in  rays  capable  of  exciting  fluor- 
escence and  phosphorescence. 

(4.)  The  particles  thrown  off  from 
the  cathode  move  in  straight  lines  in 
parallel  paths  until  they  strike  portions 
of  the  wall  of  the  tube  directly  opposite 
the  cathode. 

(5.)  When  the  vacuum  reaches  a 
certain   high   point  the   dark  space   sur- 


rounding the  cathode  gradually  increases 
in  width  until  at  last  it  occupies  the  entire 
tube.  All  light  then  disappears  except 
that  produced  at  the  portions  of  the  wall 
against  which  the  particles  strike. 

(6.)  The  moving  streams  are  de- 
flected by  the  approach  of  a  magnet, 
and,  therefore,  must  consist  of  electri- 
fied particles,  since  they  practically  form 
the  circuits  of  electric  currents,  and,  like 
all  movable  electric  circuits,  are  deflected 
by  magnets. 

The  above  principles  were  discovered 


FIG. 


CROOKES'  TUBE. 


by  investigations  made  by  a  number  of 
physicists  as  the  results  of  researches 
extending  from  1839  to  the  present  time. 

A  glass  tube  containing  a  vacuum 
capable  of  exhibiting  the  above  effects 
on  the  passage  of  a  high-pressure  elec- 
tric discharge  is  known  as  a  Crookes' 
tube.  Such  a  tube  is  represented  in 
Fig.  yy.  The  leading-in  platinum  wires 
(WW)  are  provided  with  concave 
disk-like  enlargements  at  (C)  and  (A). 
The  connections  are  such  that  (C)  is 
made  the  — ,  or  negative  terminal  or 
cathode,  and  (A)  the  -f-,  or  positive  ter- 
minal or  anode.  A  small  branch  tube 
(S)  is  provided  for  connecting  the  tube 
to  the  mercury  pump  while  exhausting. 
When  the  necessary  vacuum  has  been 
reached  the  tube  is  sealed  off  by  a  blow- 
pipe flame  and  thus  disconnected  from 
the  pump. 

When  an  electric  discharge  from  a 
Ruhmkorff  coil,  or  other  high-pressure 
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source,  is  passed  through  the  tube  the 
particles  thrown  off  from  the  cathode 
do  not  pass  from  the  positive  to  the 
negative  terminal,  as  is  believed  to  be  the 
direction  in  which  ordinary  electric  cur- 
rents pass,  but  move  off  from  it  in 
straight  lines  until  they  strike  the  oppo- 
site walls  of  the  tube.  These  streams 
thus  thrown  off  from  the  cathode,  con- 
stitute what  are  called  the  cathode  rays. 

4  node 


Or  Anode, 
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78.  PATH  OF  CATHODE  RAYS  IN 
LOW  VACUUM. 


When  the  vacuum  is  low,  as  repre- 
sented in  Fig.  78,  the  luminous  streams 
pass  from  the  cathode  to  the  three  dif- 
ferent anodes  connected  as  shown  to  the 
three    positive    terminals.      When,   how- 
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FIG. 


9.      PATH      OF      CATHODE      RAYS     IN 
HIGH   VACUUM. 


ever,  as  shown  in  Fig.  79,  the  vacuum  is 
high  the  discharge  from  the  cathode 
proceeds  directly  in  straight  lines  until 
it  strikes  the  opposite  walls  of  the  tube  in 
streams  that  are  entirely  independent  of 
the  positions  of  the  anodes.  Since  the 
cathode  rays  are  thrown  off  from  the 
surface  of  a  concave  mirror,  in  order  to 
proceed  in  straight  lines  they  are  first 
collected  at  a  single  point  or  focus  from 
which  they  pass  in  straight  paths  to  the 
wall  of  the  tube  as  shown. 


The  cathode  rays  not  only  possess  ex- 
ceedingly curious  and  interesting  pe- 
culiarities but  are  capable  of  throwing 
considerable  light  on  many  phenomena. 
We  will,  therefore,  Carefully  study  some 
of  their  peculiarities. 

As  early  as  1859,  Pliicker,  while  pass- 
ing high  pressure  electric  discharges 
through  the  vacuous  atmospheres  of 
glass  tubes,  observed  a  greenish  phos- 
phorescent light  on  the  inside  of  the 
tube  in  the  neighborhood  of  the  cathode. 
He  correctly  attributed  it  to  something 
thrown  off  from  the  cathode. 

In  1869,  Hittorf  observed  that  when  a 
solid  or  liquid  substance  was  placed  be- 
tween the  cathode  and  the  opposite  wall 
of  the  tube,  it  cast  a  well-defined  shadow 
on  this  wall  whether  it  was  an  electric 
conductor  or  a  non-conductor.  Since 
this  shadow  was  surrounded  by  phos- 
phorescent light,  he  concluded  that  some- 
thing thrown  off  from  the  cathode 
spread  uniformly  through  the  tube  like 
rays  of  light  and  regarded  it  as  prob- 
ably a  species  of  wave  motion. 

In  1876,  Goldstein  repeated  Hittorf's 
experiment  and  found  that  a  pointed 
cathode  produced  well  defined  shadows, 
but  when  the  cathode  was  large  the 
shadows  produced  were  less  sharp.  It 
was  Goldstein  who  first  employed  the 
name  cathode  rays.  Like  Hittorf  he  re- 
garded them  as  peculiar  waves  in  the 
universal  ether. 

A  careful  study  by  Crookes  of  elec- 
tric discharges  in  high  vacua  resulted, 
in  1879,  in  the  production  of  the  radi- 
ometer or  light  mill.  In  this  device  a 
wheel,  whose  vanes  are  made  of  thin 
sheets  of  mica  covered  on  one  side  with 
silver  and  on  the  opposite  side  with 
lamp  black,  supported  on  an  axis  so  as 
to  move  with  as  little  friction  as  pos- 
sible, was  placed  inside  a  glass  tube  con- 
taining a  very  high  vacuum.  When  ex- 
posed to  the  light  of  the  sun.  or  to  any 
artificial  light  such  as  that  oi  a  candle, 
or  a  burning  match,  the  wheel  is  set  into 
a  rapid  rotation  in  a  direction  away 
from  or  against  the  blackened  sides. 
This  is  only  another  way  of  saying  that 
the  particles  shot  off  from  both  sides  of 
the  mica  vanes  move  with  a  greater  ve- 
locity from  the  hotter  sides,  or  the  sides 
covered  with  lamp  black,  for  those  sides 
absorb   the  heat,  and,   therefore,   become 
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hotter  than  the  silvered  sides  which 
throw  it  off. 

Crookes  obtained  higher  vacua  than 
any  of  the  physicists  who  preceded  him. 
He  demonstrated  that  when  the  vacuum 
became  sufficiently  high  to  cause  the 
black  space  surrounding  the  cathode  to 
fill  the  entire  tube,  the  streamings  form- 
ing the  cathode  rays  consisted  of  mat- 
ter in  a  new  state  or  condition.  He 
called  this  matter  ultra-gaseous  or  ra- 
diant matter.  As  is  now  known,  he  was 
actually  dealing  with  a  new  kind  of 
matter,  rather  than  a  new  state  or  a 
condition  of  matter,  but  this  was  a  sub- 
sequent discovery. 

In  this  investigation,  which  as  we 
have  seen  resulted  in  the  production  of 
the  radiometer,  Crookes  thought  that  it 
was  the  molecules  of  the  residual  gase- 
ous atmosphere  that  were  thrown  off  at 
right  angles  from  the  surface  of  the 
cathode. 

It  was  not  difficult  to  explain  why  a 
dark  space  surrounded  the  cathode,  nor 
why,  as  the  vacuum  became  higher,  the 
width  of  this  space  increased  until  it 
finally  occupied  the  entire  inside  of  the 
tube.  As  the  vacuum  became  higher, 
and  the  number  of  residual  molecules  in 
the  tube  decreased,  the  distance  any 
molecule  could  move  without  colliding 
with  a  neighboring  molecule  was  in- 
creased. Since  the  light  in  the  tube  is 
produced  by  the  collisions  of  the  mole- 
cules, the  distance  any  molecule  could 
move  outward  from  the  cathode  with- 
out colliding  against  other  molecules 
would  necessarily  increase  until,  when 
the  vacuum  became  sufficiently  high  to 
permit  the  molecules  to  pass  through  the 
entire  distance  between  the  cathode  and 
the  opposite  walls,  no  collisions  could  oc- 
cur, and  consequently,  no  light  could  be 
produced. 

That  the  particles  thrown  off  from 
the  cathode  in  a  vacuous  tube  move  in 
straight  lines  from  the  cathode  was 
proved  by  Crookes  as  follows.  A  Malt- 
ese cross  (b),  formed  of  a  thin  sheet  of 
mica,  is  placed  opposite  the  cathode  of 
the  Crookes  tube  represented  in  Fig.  80. 
When  the  terminals  are  so  connected 
that  (P)  and  (N)  form  respectively  the 
anode  and  the  cathode,  the  walls  of  the 
tube  at  (c),  opposite  the  cathode,  show 
a  dark  shadow  of  the  cross,  surrounded 
by  a  phosphorescent  light. 


If  the  cross  is  so  supported  that  after 
the  shadow  has  continued  for  a  fairly 
long  time,  it  can  be  shaken  down,  thus 
exposing  all  the  wall  opposite  the  ca- 
thode to  the  rays,  a  curious  phenomenon 
is  observed.     A  pattern  of  the  cross  is 


FIG. 


80.   SHADOW  FORM 
TUBE. 


IN   CROOKES' 


still  seen  on  the  glass,  but  now  the  places 
formerly  occupied  by  the  shadow  are 
brighter  instead  of  darker  than  the  ad- 
jacent parts,  just  as  if  the  portions  of  the 
glass  walls  outside  the  shadow  of  the 
pattern  had  become  fatigued  by  their 
long  phosphorescence  and  were  there- 
fore less  able  to  respond  to  the  bombard- 
ment than  the  remaining  portions.  But 
what  is  still  more  curious  this  tired  con- 
dition of  the  glass  continued  even  after 
the  glass  of  the  tube  had  been  fused  and 
re-blown. 

The  color  of  the  phosphorescent  light 
produced  by  cathode  rays  varies  with' 
the  kind  of  substance  against  which  the 
rays  strike.  In  the  case  of  ordinary  soda 
glass,  the  color  is  a  greenish-yellow ;  in 
the  case  of  lead  glass  the  color  is  blue. 

The  phosphorescent  effects  produced 
by  cathode  rays  are  often  of  exceeding 
beauty.  By  employing  different  sub- 
stances praetically  all  the  colors  of  the 
solar  spectrum  can  be  obtained.  This  is 
especially  the  case  with  chemical  sub- 
stances that  consist  of  two  different  salts 
simultaneously  thrown  down  from  a  so- 
lution so  that  the  quantity  of  one  is 
greatly  in  excess  of  the  other.  A 
marked  difference  exists  both  in  the  in- 
tensity and  color  of  the  light  emitted  by 
a  pure  salt  and  a  salt  that  is  mixed  with 
a  small  quantity  of  another  salt.  For 
example,  pure  sulphate  of  lime,  when 
exposed  to  the  cathode  rays,  exhibits  a 
faint  orange  phosphorescence,  but  when 
mixed  with  a  small  quantity  of  sulphate 
of  manganese,  fluoresces  with  a  bright 
green  light.  Pure  sulphate  of  strontium 
does   not   phosphoresce   at   all,    but   the 
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presence  of  a  small  quantity  of  sulphate 
of  manganese  causes  it  to  emit  a  bright 
red  light.  Pure  zinc  sulphate  produces 
a  white  phosphorescence,  but  the  pres- 
ence of  one  per  cent  of  sulphate  of  man- 
ganese produces  an  intense  red.  Sul- 
phate of  sodium  fluoresces  with  a  bluish 
light  while  the  presence  of  one-half  per 
cent  of  sulphate  of  manganese  changes 
the  color  of  the  fluorescence  to  an  in- 
tense brownish-yellow. 


FIG.   81. 


MECHANICAL  EFFECT  PRODUCED 
BY  CATHODE  RATS. 


When  exposed  to  the  cathode  rays  cer- 
tain bodies  acquire  the  property  of  be- 
coming luminous  when  their  tempera- 
ture is  raised  to  a  point  far  below  that 
at  which  they  ordinarily  become  lumi- 
nous. This  property  is  called  thermo- 
luminescence.  Such  bodies  retain  their 
property  for  weeks,  and  even  for  months 
after  the  cathode  rays  have  fallen  on 
them. 

That  the  cathode  rays  are  able  to  pro- 
duce mechanical  effects  can  be  shown  by 
a  wheel,  the  vanes  of  which   are  made 


When  it  has  reached  this  end  a  reversal 
of  the  polarity  causes  it  to  be  driven  in 
the  opposite  direction. 

As  has  already  been  mentioned,  the 
cathode  rays  are  able  to  raise  refractory 
bodies  like  platinum  to  intense  incan- 
descence, when  permitted  to  strike 
against  them.  As  would  be  expected, 
since  the  streams  that  form  the  cathode 
rays  carry  minute  charges  of  negative 
electricity,  and  therefore  act  as  movable 
conductors,  adjacent  cathode  streams  re- 
pel one  another.  This  has  been  demon- 
strated by  Goldstein  in  various  ways, 
one  of  the  simplest  of  which  is  to  pro- 
duce phosphorescent  patterns  by  em- 
ploying differently  shaped  cathodes,  and 
noting  the  shapes  of  the  phosphorescent 
figures  produced  on  the  walls  of  the  tube 
that  receive  the"  bombardment  from 
their  particles.  By  employing  different- 
ly shaped  cathodes,  cut  from  portions  of 
the  surface  of  a  sphere,  Goldstein  found 
that  when  the  vacuum  was  high  the  par- 
ticles were  thrown  off  from  the  surface 
of  the  cathode  at  right  angles,  so  that  the 
phosphorescent  patterns  had  the  same 
size  and  shape  as  the  cathode  except  that 
they  were  inverted.    When,  however,  the 


FIG.      82.     CATHODE      RAY      PATTERNS      AT 
HIGH   AND    LOW    EXHAUSTION. 

of  sheets  of  thin  mica,  when  placed  as 
shown  in  Fig.  8i,  on  glass  rails,  oppo- 
site electrodes  at  the  top  of  a  Crookes' 
tube.  On  the  passage  of  an  electric  dis- 
charge the  cathode  rays  strike  the  upper 
vanes  and  drive  the  wheel  from  the 
negative  to  the  positive  end  of  the  tube. 


FIG.  83.  PATTERNS  PRODUCED  BY  oVUYF.P 
CATHODE. 

pressures    were    low,   this   was   not   even 
approximately  the  case. 

When,  for  example,  as  in  Fig.  8 J.  the 
boundary  of  the  curved  cathode  was  a 
square,  at  high  exhaustions  the  phos- 
phorescent pattern  is  the  same  size  and 
shape    as   indicated   by   the   dotted   lines. 
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At  low  pressures,  however,  the  patterns 
as  shown  are  entirely  different. 

When  the  cathode  is  a  curved,  rect- 
angular cross,  as  shown  in  Fig.  83,  the 
patterns  formed  as  the  pressure  is 
gradually  decreased  exhibit  the  changes 
of  shape  indicated. 

When  the  cathode  has  the  shape  of  a 
plane,  rectangular  cross,  as  shown  in 
Fig.  84,  then  the  shapes  assumed  by  the 
phosphorescent  patterns  are  as  shown  in 
the  figure. 

The  cathode  rays  possess  the  power  of 
discharging  bodies  that  are  either  nega- 
tively or  positively  electrified,  when  suit- 
ably insulated  and  surrounded  by  dry 
air  or  other  non-conducting  gas.  As  we 
shall  shortly  see  this  property  is  also 
possessed  by  the  X-rays  or  Rontgen 
rays,  as  well  as  by  the  rays  thrown  orf 
from  radio-active  substances. 

J.  J.  Thomson  in  his  "Discharge  of 
Electricity  Through  Gases,"  writes  as 
follows  concerning  the  cathode  rays : 

"Let  us  trace  the  consequence  of  sup- 
posing that  the  atoms  of  the  elements  are 
aggregations  of  very  small  particles,  all 
similar   to    each    other.      We    shall    call 
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FIG. 


PATTERNS  PRODUCED  BY  PLANE 
CATHODE. 


these  small  particles  corpuscles,  so  that 
the  atoms  of  ordinary  elements  are^made 
up  of  corpuscles  and  holes,  the  holes 
being  predominant.  Let  us  suppose  that 
at  the  cathode  some  of  the  atoms  of  the 
gas  get  split  up  into  these  corpuscles, 
and  that  these,  moving  at  high  velocities 
and  charged  with  negative  electricity, 
form  the  cathode  rays.  The  distance 
these  rays  would  travel  before  losing  a 
given  fraction  of  their  momentum  would 
be  proportional  to  the  mean  free  path  of 
the  corpuscles.  Now  the  things  these 
small  corpuscles  strike  against  are  other 
corpuscles  and  not  the  molecule  consid- 


ered as  a  whole;  they  are  supposed  to 
be  able  to  thread  their  way  through  the 
interstices  in  the  molecule." 

As  will  be  described  in  the  next  chap- 
ter, the  cathode  rays  led  to  the  discov- 
ery of  the  X-rays.  Before  this  was  done, 
however,  an  intermediate  step  was  taken 
by  Lenard.  This  consisted  in  providing 
that  portion  of  the  Crookes'  tube  against 
which  the  cathode  rays  were  projected 
with    a    thin    sheet    of    aluminum    of    a 


FIG.    85.     LEONARD'S    APPARATUS.     . 

thickness  of  but  .00265  mm.,  placed  on 
that  part  of  the  walls  of  the  tube  that 
received  the  bombardment  as  shown  in 
Fig.  85.  When  the  vacuum  in  such  a 
tube  was  so  high  that  the  dark  space 
around  the  cathode  occupied  the  entire 
tube  a  diffused  light  was  seen  in  a  dark 
room  spreading  from  the  window  into 
the  air  outside  the  tube.  This  light  was 
brightest  in  the  immediate  neighborhood 
of  the  window,  and  possessed  like  the 
cathode  rays  powers  of  producing  phos- 
phorescence, and  was  known  as  the 
Lenard  rays. 

(To  be  continued.) 
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ELECTRIC  RAILWAYS  OF  MANILA. 

To  those  who  have  not  visited  far- 
away Manila,  in  the  Philippines,  the 
name  is  likely  to  bring  up  a  mind-pic- 
ture of  a  city  built  in  the  past,  though 
living   in   the   present- — a   city    in   which 


an  up-to-date  street  car  service,  and 
wherever  electricity  is  called  to  the  serv- 
ice of  the  public,  there  also  will  be 
found  enterprise  and  Twentieth  Century 
ideals  of  living. 

Manila's    electric    railway     system    is 


ELECTRIC   RAILWAY  ON    "THE   BRIDGE    OF    SPAIN". 


modern  conveniences  are  lacking.  Such 
is  not  the  case,  however,  for  Manila  is 
a  city  with  electric  lights,  telephones  and 


adequate  for  its  needs.  It  had  its  be- 
ginning, of  course,  with  horse  cars,  but 
now  the  electric  trolley  has  superseded 
antiquated  methods.  One  of  the  views 
shows  a  street  scene  in  what  might  be 
called  the  "congested"  part  of  the  city. 
It  shows  the  Escolta — Manila's  Broad- 
way. The  line  is  double-tracked,  the 
cars  are  commodious  and  even  the 
motorman  is  a  model  of  the  spic-and- 
span  type  and  would  be  a  credit  to  the 
service  in  any  of  our  own  cities. 

The  second  view  shows  a  trolley  car 
on  the  Bridge  of  Spain,  which,  by  the 
way,  was  the  only  bridge  found  bv  our 
soldiers  upon  the  capitulation  ot  Manila. 


THE    ESCOLTA— MANILA'S    BROAPWAV 


One  of  the  most  novel  uses  for  the 
electric  motor  is  reported  from  Nevada. 
Iowa.  A  man  who  is  extensively  en- 
gaged in  the  poultry  business  has  rigged 
up  a  revolving  brush  driven  by  a  small 
electric  motor  for  washing  the  feet  of 
newly  killed  fowls  before  shipment. 


ELECTRICITY  AND  THE  POOLROOMS. 


BY  A.    A.    WEISS. 


In  this  description  of  a  phase  of 
metropolitan  life  of  which  little  is 
known,  although  its  ramifications  per- 
meate all  classes  of  society,  it  is  not  my 
intention  to  consider  the  morals  of  the 
question,  but  to  show  the  part  electricity 
plays  in  obtaining  race  track  news. 

It  is  vital,  to  the  operation  of  a  pool- 
room, that  it  have  the  racetrack  news, 
such  as  starters,  scratches,  jockeys,  win- 
ners, etc.,  at  practically  the  same  time 
the  track  bettor  has  it.  Some  years  ago 
this  end  was  accomplished  by  having  a 
man  stationed  at  the  track,  who  tele- 
graphed this  news  to  New  York  head- 
quarters, where  it  was  redistributed  all 
over  the  country.  But  owing  to  pres- 
sure being  brought  to  bear,  by  conflict- 
ing interests,  the  racetrack  management 
divorced  itself  from  all  poolroom  con- 
nections. The  telegraph  company  re- 
fused to  allow  the  matter  to  pass  over 
its  wires  and  the  telephone  company 
wires,  then  used,  were  tampered  with  to 
such  an  extent,  that  something  had  to 
be  done  to  save  the  business  from  ruin. 

I  was  wire  chief  of  the  Coney  Island 
telephone  office,  at  the  time,  and  had 
previously  met  these  people  in  routine 
business  transactions.  They  came  to  me 
in  their  extremity  and  an  arrangement 
was  effected  by  which  I  was  to  help 
them  out.  The  Pinkerton  detectives, 
engaged  by  the  track  people,  were  now 
active  in  preventing  this  news  from 
reaching  New  York,  although  there  were 
no  difficulties  in  sending  it  out  from  the 
city. 

The  first  plan  of  the  telephone  com- 
pany to  stop  the  transmission  of  news 
from  the  track  was  simply  to  put  the  line 
from  that  place  out  of  commission,  in 
the  central  office,  during  the  racing 
hours.  This  was  easily  avoided  by  con- 
necting the  outside  line  to  another  num- 
ber in  the  office.  In  this  way  they  were 
using  their  own  line,  but  it  appeared  in 
the  office  as  another  wire.  Arrange- 
ments had  been  made  with  another  sub- 
scriber to  use  his  number  for  this  pur- 
pose. So  it  was  really  his  line  that  was 
put  out  of  commission.  This  worked 
well  for  a  few  days,  but  the  Pinkerton 
agents   in   New   York   found   the   news 


coming  in  as  usual.  They  then  adopted 
different  tactics.  They  cut  the  outside 
lines. 

We  now  saw  that  different  tactics 
would  have  to  be  adopted.  The  opposi- 
tion was  doing  its  utmost.  Each  track 
was  surrounded  with  high  canvas  screens 
and  the  whole  district  patroled  by  Pink- 
ertons.  Our  operators  were  then  sup- 
plied with  powerful  telescopes,  that 
would  bring  six  or  seven  persons  into 
focus,  life  size,  at  a  mile.  "Long  Tom," 
one  of  the  telescopes,  was  about  nine 
feet  long.  Rooms  were  rented  where  a 
view  could  be  had  of  the  grandstand,  and 
the  screens  then  offered  no  difficulties 
whatever.  The  transmission  line  now 
had  to  be  looked  to.  The  rooms  were  al- 
ways engaged  where  telephone  service 
was  available  in  or  near  the  house.  We 
then  used  a  set  of  "retardation"  coils, 
which  are  nothing  more  than  an  iron 
core  about  y^  by  3^2  inches,  rubber 
heads  at  each  end,  and  wound  with  No. 
36  wire  to  about  500  ohms  resistance. 
These  were  connected  as  in  Fig.  1. 
The  coils  will  allow  a  current  of  slow 
fluctuation,  such  as  a  telegraph  current 
to  pass,  but  are  a  closed  faucet  to  a  high- 
frequency  current  such  as  a  telephone 
talking  current.  This  apparatus  enabled 
us  to  telegraph  over  a  telephone  line, 
even  though  it  were  in  use,  without  the 
conversing  parties  being  aware  of  the 
telegraphing.  One  set  of  coils  was  placed 
in  the  house,  at  the  race  track,  another 
in  the  central  office,  on  the  correspond- 
ing line.  A  tap  was  then  taken  off  be- 
tween the  coils  in  the  office  and  connect- 
ed to  a  dead  wire,  in  a  cable  running 
from  Coney  Island  to  Flatbush  (a  section 
of  Brooklyn),  where  it  was  run  into  a 
house  having  a  Flatbush  telephone.  This 
was  far  enough  away  to  bar  suspicion. 

The  operation  was  simple,  the  man  in 
Flatbush,  overlooking  the  races,  would 
call  New  York  on  his  telephone,  then 
place  the  mouthpiece  over  the  telegraph 
sounder ;  the  Coney  Island  man  would 
then  telegraph  over  the  line  through  the 
cable.  The  Flatbush  man  would  have 
the  teleohone  receiver  to  his  ear.  If  he 
was  advised  that  New  York  was  not  get- 
ting it  all  he  would  break  in  on  Coney 
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Island  and  have  him  repeat.  This  worked 
like  a  charm  for  over  a  year.  The  Pink- 
ertons  would  often  talk  over  the  very 
telephone  line  our  operator  was  sending 
his  Morse  on. 

In  one  case  the  "scope"  man  was  lo- 
cated in  a  house  where  there  were  no 
telephone  facilities.  We  ran  a  wire  un- 
der sod  for  a  short  distance,  then  con- 
nected it  to  a  fence,  made  of  chicken 
wire.  This  fence  abutted  against  a  house 
where  a  telephone  was  located.  The 
fence   was   then    connected   between   the 


tery  office  equipment  now  in  general  use, 
as  at  that  time,  but  not  in  these  particu- 
lar offices. 

It  was  now  a  simple  matter  to  place 
the  coils  on  the  Bath  Beach  line  and  on 
the  Coney  Island  line  and  connect  the 
telegraph  again.  The  Coney  Island  man 
would  then  call  Bath  Beach  and  engage 
him  in  ordinary  conversation  while  the 
Morse  operator  would  at  the  same  time 
send  the  real  news  over  the  same  wire  by 
telegraph. 

At   one   time   we   had   to   modify   this 
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FIG.    1.     ARRANGEMENT   FOR   SIGNALING  THROUGH  FLATBUSH  CABLE. 


coils,  the  outside  coil  running  to  termin- 
als to  the  telephone  line,  and  we  had  a 
very  successful  Morse  line  in  operation. 
At  times  the  Pinkertons  would  have 
from  sixty  to  a  hundred  lines  out  of 
service  in  a  vain  endeavor  to  catch  the 
proper  one.  They  did  this  by  short-cir- 
cuiting each  line.  This  of  course  put  the 
telephone  lines  out  of  commission,  but 
the  Morse  line  was  not  affected.  Had 
they  grounded  the  wires  properly  we 
also  would  have  been  at  sea. 

The  line,  however,  was  eventually  dis- 
covered, and  then  we  hit  upon  a  new 
scheme.  Instead  of  using  the  dead  cable 
line  to  Flatbush  we  let  the  exchange 
operator  "put  up"  the  connection  her- 
self. We  engaged  a  room  at  Bath  Beach, 
about  three  miles  from  Coney  Island. 
There  was  a  telephone  office  located  at 
Bath  Beach  which  had  direct  trunk  con- 
nection with  Coney  Island,  and  as  both 
offices  were  at  that  time  of  the  magneto 
type,  the  trunk,  when  in  operation,  was 
simply  a  link  between  the  two  telephones 
without  any  apparatus  whatever,  differ- 
ing in  this  respect  from  the  common  bat- 


plan,  as  the  proprietor  of  the  house  we 
had  in  Coney  Island  would  not  let  us  use 
his  telephone  for  calls,  so  we  hired  an- 
other one  whose  line  run  on  the  same 
poles  as  the  original  line,  and  connected 
the  two  lines  through  a  condenser  placed 
on  a  pole,  which  enabled  us  to  talk  be- 
tween the  two  houses  without  calling 
central.  The  connection  was  then  com- 
pleted to  Bath  Beach  as  before. 

These  conditions  had  existed  for  two 
years  and  the  Pinkertons  of  course  had 
not  been  idle.  The  last  success  we  had 
was  at  the  Sheepshead  Bay  track.  We 
had  arranged  for  a  private  wire  running 
through  Sheepshead  Bay  to  New  York. 
This  was  a  grounded  telephone  line  and 
was  constantly  under  suspicion.  We  con- 
nected to  it,  through  induction  coils,  ap- 
paratus which  sent  out  weak  impulses 
similar  to  wireless  signals,  which  would 
not  excite  suspicion,  owing  to  all  lines  in 
the  vicinity  being  at  all  times  more  or 
less  subject  to  such  interference  from 
the  Marconi  and  DeForest  stations,  lo- 
cated at   Coney  Island. 

We    accomplished    these    results    by 
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much  forethought  and  close  attention  to 
details.  Considerable  experimenting  had 
been  done  with  wireless  apparatus  and 
we  purposed  giving-  it  a  trial.  A  large 
apparatus  had  been  installed,  engine, 
dynamo,  and  complete  sending  and  re- 
ceiving set.  We  strung  an  antenna  in 
the  garret  and  set  up  our  transformer, 
sending  helix,  condensers  and  key,  to- 
gether with  a  small  tuned  detector.     In 


had  chances  for  so-called  inside  informa- 
tion, but  I  never  knew  them  to  bet. 


DIRECTIONS  FOR  REVIVING  DRY  CELLS. 

The  ordinary  dry  cell  battery  is  not 
"dry"  in  the  strict  sense  of  the  word  for 
there  is  moisture  in  it  although  of 
course,  the  cell  is  tightly  sealed  up  and 
there  is  no  inconvenience  from  slopping 
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FIG.   2.     PROPOSED  VOLTMETER     SIGNALING   APPARATUS. 


testing  out,  the  engine,  which  was  an  old 
French  automobile  affair,  made  such  a 
noise  and  smoked  so  much  that  the  at- 
tention of  our  friends,  the  Pinkertons, 
was  attracted.  That  settled  the  wireless. 
The  apparatus  was  confiscated  on  a 
trumped  up  charge  together  with  the 
telescopes.  It  was  later  released,  but  not 
in  time  for  further  use. 

Various  other  methods  were  consid- 
ered to  outwit  our  opponents  in  their  lit- 
tle game  of  "find  the  operator."  I  re- 
member one  I  proposed  as  shown  in 
Fig.  2,  which  I  think  would  have  been 
more  successful  than  the  telegraph  for 
the  purpose  and  conditions.  It  consisted 
of  a  voltmeter  whose  needle  was  swung 
to  io  volts  for  a  dot  and  20  for  a  dash 
through  a  gradual  step-down  resistance. 
This  if  properly  designed  would  not  af- 
fect a  telephone  receiver  as  the  current 
was  negligible. 

My  connection  with  this  business  now 
ceased.  It  was  for  me  a  most  interesting 
battle  of  wits  while  it  lasted.  I  am  no 
more  in  touch  with  the  situation,  but  if 
there  is  any  possible  way  of  getting  the 
news  through,  it  is  very  probably  being 
done  on  similar  lines.  The  amount  paid 
for  this  service  by  the  various  poolrooms 
of  the  country  must  be  enormous,  and  of 
course  the  bettor  pays  for  it  all.  The 
people  I  was  associated  with  knew  the 
game,  were  acquainted  with  jockeys  and 


liquids.  But  the  cells  are  never  so  tight- 
ly sealed  that  the  moisture  cannot  slow- 
ly evaporate,  and  for  this  reason  the 
cells  will  eventually  become  useless  if 
kept  for  a  long  time,  even  if  they  are 
not  used.  They  may  be  revived  to  a 
certain  extent  by  the  addition  of  various 
solutions,  though  they  can  never  be 
made  as  good  as  "fresh"  cells.  One 
way  of  doing  this  is  suggested  by  a 
reader  of  Popular  Electricity  and  is  as 
follows : 

By  means  of  a  machine  drill  make 
about  15  holes  in  the  circumference  of 
the  zinc  shell  of  the  battery.  These 
holes  should  go  clear  through,  or  about 
one  inch.  The  diameter  of  the  hole 
should  not  be  more  than  1/8  or  3/16 
inch.  In  an  earthenware  tank  dissolve 
one  pound  of  chloride  of  zinc  in  three 
pounds  of  water  or  equal  proportions. 
Bring  this  solution  to  boiling.  Place  the 
batteries  in  this  solution  and  leave  them 
in  it  for  about  30  minutes.  When  the 
batteries  are  taken  out  and  dried  they 
will  be  ready  for  use. 


Two  electric  interurban  sleeping  cars 
have  been  operated  for  18  months  by 
the  Illinois  Traction  Company  with  such 
success  that  more  cars  have  been  added. 
The  cars  are  without  motors  or  air 
pumps  and  are  run  as  trailers  to  ordi- 
nary interurban   electrics. 
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LARGEST    TRANSFORMER    EVER    BUILT- 

The  accompanying  picture  shows  the 
largest  transformer  ever  built.  It  is 
about  20  feet  in  height  and  weighs  com- 
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plete,  with  the  outer  casing  in  place,  120,- 
000  pounds.  This  weight  does  not  in- 
clude the  water  which  is  kept  circulating 
in  the  casing  to  cool  the  interior  parts. 

Some  will  no  doubt  ask  what  such  a 
transformer  is  for.  The  question  may  be 
answered  by  saying  that  a  transformer  is 
necessary  in  order  to  boost  or  step  the 
voltage  (pressure)  of  the  electric  cur- 
rent generated  by  the  dynamos  up  to  a 
value  sufficient  to  force  the  current 
through  a  long  transmission  line,  perhaps 
one  or  two  hundred  miles,  to  the  local- 
ity in  which  it  is  to  be  utilized.  Copper 
or  aluminum  wire  being  expensive,  as 
small  a  size  as  possible  must  be  used  in 
the  transmission  line.  The  smaller  the 
wire  the  greater  the  resistance  to  the 
flow  of  current,  consequently  the  trans- 
former is  employed  to  furnish  sufficient 
voltage  to  overcome  this  resistance. 

A  transformer  is  a  comparatively  sim- 


ple piece  of  apparatus,  with  no  moving 
parts.  When  two  coils  of  wire  are  placed 
one  over  the  other  and  alternating  cur- 
rent is  passed  through  one  of  them,  an 

alternating  current  is  set 
up  in  the  other,  al- 
though the  two  coils  are 
entirely  separated  and 
insulated  from  each  oth- 
er. This  is  caused  by  an 
electrical  phenomenon 
known  as  induction. 
This  effect  is  increased 
if  a  mass  of  iron  be 
placed  within  the  coils. 
If  the  primary  coil,  or 
the  coil  receiving  cur- 
rent from  the  source, 
has,  say  100  turns,  and 
the  secondary  coil  has 
1  000  turns,  the  voltage 
delivered  by  the  second- 
ary will  be  10  times  as 
high  as  that  impressed 
upon  the  primary,  al- 
though the  current, 
measured  in  amperes, 
will  be  only  one-tenth 
that  delivered  to  the 
primary. 

The  above,  in  brief,  is 
the  principle  of  the  step- 
up  transformer.  The 
one  shown  in  the  picture 
takes  current  from  the 
dynamos  at  11,000  volts  and  transforms 
it  to  current  at  100,000  volts.  Ten  thou- 
sand kilowatts  or  13,400  horse-power  of 
electrical  energy  pass  through  its  coils 
when  it  is  operated  at  full  load.  Consid- 
erable heat  is  generated  in  the  coils  which 
are  kept  cool  by  water  in  the  casing. 
Approximately  10  miles  of  wire  is  used 
in  the  secondary  winding. 


Man  has  much  greater  power  of  elec- 
trical resistance,  or  much  less  suscepti- 
bility, than  many  other  animals.  A  leech 
placed  upon  a  copper  plate  which  rests 
upon  a  larger  plate  of  zinc  is  unable  to 
crawl  oi'i  on  account  of  the  feeble  elec- 
tric action  excited  by  the  contact  of  the 
metals.  Horses  are  troubled  by  slight 
differences  of  potential.  An  ox  treated 
for  rheumatism  with  electricity  suc- 
cumbed to  a  current  absolutely  inoffen- 
sive to  man. 


PROTECTION  FROM  LIGHTNING. 


BY  ALBERT  WALTON. 


Since  good  old  Ben  Franklin  aston- 
ished scientists  and  the  world  in  general 
by  identifying  lightning  with  electricity 
the  world  has  seen  and  heard  many 
thunder  storms  and  suffered  much  from 
lightning,  and  yet  we  have  added  but 
little  to  the  bare  facts  that  Franklin 
brought  out  by  the  famous  ''Philadelphia 
Experiments."     It  is  a  very  difficult  sub- 


Following  out  these  trains  of  reasoning 
it  has  been  possible  to  form  theories  that 
seem  to  be  very  satisfactory  and  truly  to 
explain  a  large  number  of  the  strange 
things  lightning  does  and  in  a  measure 
to  define  what  it  probably  is. 

Up  to  very  recent  times  lightning  has 
been  a  matter  of  wonder  and  dread  only. 
Since  before  history  was  written  light- 


THE  BEST   MADE   LIGHTNING   ARRESTERS    are  NOT    PROOF  AGAINST  A  DIRECT  DIS- 
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ject  for  study  at  best.  It  will  not  sub- 
mit to  be  measured  and  gauged,  nor  will 
it  be  controlled  or  regulated.  Its  very 
violence  makes  it  all  but  impossible  to 
get  at  its  exact  nature.  The  best  that 
can  be  done  is  to  observe  the  effects  of  its 
dread  work  and  then  reason  back  from 
these  to  the  probable  causes. 

Scientific  observation  of  the  results  of 
the  workings  of  electricity  of  the  milder 
sort,  the  electricity  of  commerce  and  the 
laboratory,  has  accumulated  a  great  fund 
of  facts  and  laws  which  have  a  strong 
relation  to  the  problem  of  explaining  the 
operations  of  the  awful  "shafts  of  Jove." 


ning  has  been  held  in  awe  and  reverence 
predominated  by  a  fear  unspeakable.  It 
has  held  the  place  of  an  instrument  of  the 
gods  to  punish  and  to  warn  mankind. 
The  modern  engineer,  however,  is  a  man 
of  practical  mind  and,  devoting  his  mind 
to  practical  things,  is  concerned  with 
lightning  chiefly  with  a  view  to  prevent- 
ing, if  possible,  its  destruction  of  life 
and  of  the  works  of  man.  Until  recent 
years  this  has  meant  the  protection  of 
buildings  of  various  sorts,  and  Franklin, 
himself,  was  one  of  those  who  early 
pointed  out  that,  though  it  was  not  pos- 
sible to  prevent  the  lightning  discharge, 
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it  was  very  possible  to  so  guide  its  path 
to  the  earth  that  it  would  do  no  dam- 
age in  its  passage. 

To  this  end  lightning  rods  have  been 
employed  with  good  effect  for  many 
years.  They  form  an  attractive  and 
easy  path  from  the  highly  charged  at- 
mosphere to  the  earth  and  .the  lightning 
passes  down  them  where  otherwise  it 
would  expend  its  force  through  a  path  of 
bricks  or  timber,  down  chimneys  or 
through  roofs  and  walls,  tearing  and 
burning  on  its  way.  Often  the  discharge 
is  so  great  that  even  the  heavy  lightning 
rods  themselves  have  been  burned  in  two 
from  the  heat. 

One  often  hears  people  wondering 
why  the  great  sky  scrapers  of  our  big 
cities  are  not  frequently  struck  by  light- 
ning. Many  people  have  a  great  fear  of 
being  caught  in  one  of  these  huge  steel 
buildings  in  a  thunder-storm.  As  a  mat- 
ter of  fact  they  are  the  very  safest  places 
one  could  wish  for,  as  the  whole  build- 
ing is  one  immense  lightning-rod  cap- 
able of  carrying  off  the  worst  shock 
without  the  slightest  damage.  They  are 
probably  struck  frequently  in  every 
heavy  storm  that  sweeps  over  the  city 
where  they  are  and  no  one  is  the  wiser. 
The  principle  of  diverting  the  lightning 
through  a  path  which  will  lead  it  to  earth 
without  damage  is  here  brought  into 
play  without  any  extra  precautions  or 
visible  devices,  and  as  it  is  an  invisible 
protection  it  is  one  that  few  people  real- 
ize exists. 

This  principle,  indeed,  is  at  the  bot- 
tom of  all  the  vast  number  of  ingenious 
devices  that  have  been  invented  to  pro- 
tect the  immensely  more  valuable  prop- 
erty of  the  present  day.  Greater  im- 
portance has  become  attached  to  light- 
ning protection  today,  not  only  because 
the  buildings  are  larger  and  more  ex- 
pensive, but  mainly  because  of  the  ex- 
tensive development  of  the  practical  use 
of  electricity  itself.  It  is  not  strange 
that  the  apparatus  that  is  designed  to 
make  and  to  carry  electricity  for  com- 
mercial purposes  should  be  very  sensi- 
tive to  the  effects  of  lightning.  The  net- 
work of  wires  that  cover  the  land  from 
end  to  end  has,  by  its  very  omnipres- 
ence, been  a  source  of  continual  and 
enormous  losses  from  strokes  of  light- 
ning. 


Such  is  the  nature  of  one  of  these 
fearful  electric  discharges  that  it  is  not 
even  necessary  that  the  wire  itself  be 
struck  to  produce  damage.  If  a  tree,  or 
a  house,  or  even  the  earth  itself  be 
struck  in  the  vicinity  of  a  wire  a  tre- 
mendous disturbance  is  caused  in  the 
wires  which  is  almost  as  violent  in  effect 
as  though  the  wire  had  received  the  full 
force  of  the  stroke.  The  difficulty 
would  not  be  so  great  were  it  only  for 
the  destruction  of  the  wires,  but  it  must 
be  remembered  that  each  wire  leads  to 
some  electrical  machine  or  other,  and 
usually  these  are  extremely  expensive. 
The  tremendous  force  of  the  lightning's 
effect  in  the  wire  finds  an  outlet  in  these 
machines,  unless  they  are  properly  pro- 
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tected,  with  the  result  that  they  are  often 
totally  destroyed,  with  an  enormous  loss 
in  money  and  a  great  danger  to  the  lives 
of  those  working  around  them. 

In  order  to  minimize  these  losses  and 
to  prevent  the  disastrous  interruptions 
to  the  service  of  telegraph,  telephone. 
street  car  and  lighting  companies,  great 
ingenuity  has  been  shown  in  the  develop- 
ment of  devices  to  divert  the  force  of  the 
discharge  into  the  earth  instead  of 
through  the  electrical  machines. 

Many  a  panic  has  been  caused  in  our 
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city  street  cars  by  the  flash  of  a  slight 
lightning  stroke  that  has  come  along  the 
trolley  wire  and  followed  down  the  trol- 
ley pole  to  the  motors  and  through  them 
to  the  rails.  It  is  always  a  needless  panic, 
however,  for  the  passengers  on  the  seats 
are  as  safe  as  the  people  in  a  house  well 
protected  by  lightning  rods,  for  the  trol- 
ley pole  and  the  wires  of  the  car  form  a 
very  effective  lightning  rod  in  them- 
selves, conducting  the  lightning  from 
wire  to  ground  without  danger  to  those 
inside  the  car.  Such  a  discharge,  though 
not  dangerous  to  the  passengers,  is  ex- 
pensive to  the  company,  since  it  damages 
the  machinery  in  the  car  and  makes  ex- 
pensive repairs  necessary.  To  render 
these  strokes  harmless  other  ways  are 
provided  for  the  lightning  to  get  to  the 
ground  so  it  will  not  have  to  go  through 
the  cars  at  all.  These  other  paths  are 
through  specially  designed  devices  called 
"lightning  arresters."  which  are  hung  on 
the  posts  along  the  way  and  connected 
to  the  trolley  wire  by  means  of  short 
pieces   of   copper   wire.      You   may    see 


THE   "CHOKE"    COIL. 

these  little  iron  boxes  if  you  look  sharp- 
ly. They  will  be  seen  on  perhaps  every 
hundredth  pole  from  which  the  trolley 
wire  is  suspended.  They  are  up  near 
the  top  of  the  pole.  A  wire  runs  from 
one  side  of  them  out  to  the  trolley  wire 
and  another  wire  runs  from  the  other 
side  down  the  pole  to  the  ground.  They 
are  usually  little  round  iron  boxes  some- 
what   bigger    than    a    common    alarm 


clock,  though  sometimes  they  are  square 
and  are  about  the  size  of  a  pound  candy 
box.  When  the  lightning  hits  the  wire 
or  comes  near  it  most  of  the  force  of  the 
bolt  jumps  through  these  little  boxes  and 
goes  down  the  wire  to  the  ground  with- 
out doing  any  damage.     Or  if  the  stroke 


ROUND    TYPE    OF    LIGHTNING    ARRESTER. 

is  so  severe  as  to  injure  them  they  are 
so  much  less  expensive  than  the  motors 
of  a  car  that  the  company  has  saved 
money  by  letting  them  take  the  force  of 
the  stroke. 

Long  ago  it  was  realized  that  light- 
ning, had  an  aversion  to  turning  a  corner 
or  to  deviating  from  a  straight  path,  and 
this  peculiarity  has  been  taken  advantage 
of  in  practically  all  of  the  inventions  for 
protective  purposes.  It  acts  as  though 
it  were  traveling  with  such  tremendous 
force  and  rapidity  that  when  it  comes  to 
a  curve  or  bend  in  its  course  it 
prefers  to  leave  that  path  and  strike  out 
straight  through  the  air  till  it  reaches 
some  more  easy  and  direct  path  to  the 
earth.     On  the  other  hand,  fortunately, 
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the  ordinary  "working"  electricity  does 
not  object  to  following  a  course  of  many 
bends  and  kinks,  and  for  this  reason  it 
is  possible  to  make  use  of  the  peculiar 
tendency  of  lightning  to  follow  the 
straightest  path,  for  the  protection  of 
electrical  apparatus. 

It  has  become  the  custom  to  place  on 
the  wall  of  an  electric  station  a  combina- 
tion of  devices  for  this  purpose.  The 
wire  entering  the  station  from  the  out- 
side, where  it  is  exposed  to  lightning,  is 
brought  to  what  is  called  a  "choke  coil." 
This  is  a  copper  ribbon  wound  up  as  a 
spiral.  The  electricity  from  the  dyna- 
mos that  has  come  in  over  the  wires  or 
is  to  pass  out  over  them  has  also  to  pass 
around  all  those  turns  of  the  coil.  These 
coils,  in  fact,  form  a  part  of  the  system 
of  wiring  from  the  machines  to  the  out- 
side lines  of  wiring,  and  the  dynamo  cur- 
rents passing  along  this  system  find  lit- 
tle, or  no  resistance  in  going  through  the 
coils.  When,  however,  a  lightning  dis- 
turbance comes  in  over  the  wires  the 
coils  offer  such  an  obstruction  to  the  dis- 
charge that  it  will  find  another  path 
rather  than  go  through  them,  even 
though  it  must  go  through  several  feet 
of  air  space  to  jump  to  some  easier  path. 
This,  however,  it  is  not  permitted  to  do, 
for  a  wire  is  joined  to  the  outside  wires 
at  a  point  just  before  they  reach  the 
choke  coils  'and  this  wire  runs  in  a 
straight  line  to  a,  "lightning  arrester," 
which  consists  generally  of  a  series  of 
little  brass  knobs  mounted  on  a  piece  of 
marble.  The  knobs  are  separated  so 
there  is  a  slight  space  between  them,  al- 
though the  general  line  of  the  posts  is 
straight  to  the  ground.  From  the  last 
knob  another  wire  is  run  down  into  the 
earth.  The  usual  electric  current  in  the 
main  wires  can  run  down  the  wire  that 
leads  from  them  to  the  knobs,  but  cannot 
get  across  the  air  gaps,  so  none  is  lost. 
A  stroke  of  lightning,  however,  comes  in 
over  these  same  wires,  finds  the  choke 
coil  in  its  path,  and,  with  its  irresistible 
power,  finds  no  difficulty  in  instantly 
jumping  from  knob  to  knob  and  from 
the  last  one  to  the  earth  tli rough  the 
wire  provided  for  that  purpose.  Thus 
all  the  machinery  beyond  the  choke  coil 
is  saved  the  blow  and  the  force  of  the 
discharge  is  led  to  earth  without  the 
slightest  damage.     And  furthermore,  the 


device  is  instantly  ready  for  another  one 
should  it  chance  to  "strike  twice  in  the 
same  place"  which,  by  the  way,  it  does 
very  often,  the  adage  to  the  contrary 
notwithstanding. 

It  is  very  exciting  to  be  in  a  power 
station  whose  wires  cover  a  country  for 
miles  around  while  a  lightning  storm  is 
in  progress.  Knobs  are  constantly 
joined  by  little  angry  snapping  sparks, 
for  there  is  always  some  part  of  the  net- 
work outside  of  the  station  that  is  at 
least  a  little  affected  by  the  flashes  that 
are  playing  over  the  country  round 
about.  It  is  very  fascinating  to  watch, 
for  one  realizes  that  it  represents  a  tre- 
mendous force  that  has  travelled  miles 
to  find  a  way  to  escape.  And  while  one 
is  watching  these  little  crackling  sparks 
there  comes  the  real  stroke,  and  for  an 
instant  one  would  think  that  the  knobs 
and  the  marble  and  the  wall  on  which 
they  were  hung  had  all  been  destroyed 
together.  A  sharp  report  and  a  flash, 
that  is  dazzling  for  the  instant,  occurs 
and  blots  out  the  power  of  sight  for  a 
space,  and  then  after  the  first  second's 
astonishment  one  realizes  that  some- 
where out  on  the  line  a  real  stroke  has 
come  to  earth  near  the  wire  and  that  this 
is  its  effect  for  which  he  has  been  watch- 
ing. It  is  worth  waiting  for,  but  like 
many  such  things,  once  is  usually  suffi- 
cient to  satisfy  the  curiosity  especiallv 
when  the  observer  is  told  that  during  the 
last  storm  the  line  itself  was  struck  and 
the  whole  device  was  destroyed  in  en- 
deavoring to  relieve  the  line  and  save 
the  machines,  for  no  "lightning  arrester" 
has  as  yet  been  invented  that  will  stand 
the  direct  stroke,  which,  however,  is  for- 
tunately a  comparatively  rare  occur- 
rence. 


NON-MAGNETIC  YACHT. 

A  non-magnetic  yacht  will  be  built  for 
the  Carnegie  Institute  for  making  mag- 
netic surveys  over  certain  parts  of  the 
ocean  where  the  earth's  magnetic  data 
have  not  yet  been  accurately  determined. 
The  only  metal  used,  outside  of  the  crank- 
shaft, will  he  bronze  and  manganese 
alloy.  sc^>  that  there  will  he  no  iron  to  dis- 
turb the  action  o\  the  delicate  magnetic 
instruments, 


RAILROAD  ACCIDENTS  AND  THEIR  PREVENTION. 


BY    LOUIS    E.    WALKINS. 


Whenever  a  passenger  train  is  wrecked 
and  a  number  killed  and  many  injured, 
as  the  result  of  a  misplaced  switch,  a 
head-on,  or  rear-end  collision,  failure  of 
an  engineer  to  see  a  signal  as  he  rushes 
towards  it,  or  failure  of  a  tower  signal 
operator  or  station  agent  to  set  the  prop- 
er signal  for  the  engineer,  there  is  at 
once  a  great  hue  and  cry  by  the  public 
and  the  press  against  the  officials  of  the 
railroad  company  because  of  the  appar- 
ent inefficiency  of  the  signal  and  train 
control  system  employed  by  the  railroad, 
or  the  apparent  criminal  carelessness  of 
the  employes  held  responsible  for  the  ac- 
cident. Then  comes  the  shifting  of  the 
apparent  error  by  these  employes,  one 
upon  the  other ;  "I  saw  no  signal  for  me 
to  stop,"  says  the  engineer ;  "I  set  the 
signal  to  danger,"  says  the  tower  oper- 
ator, or  station  agent. 

To  satisfy  the  constant  clamor  of  the 
traveling  public  for  the  running  of  trains 
on  schedule  time,  and  for  more  rapid 
transit,  the  officials  of  our  railroads  have 
no  easy  problem  on  their  hands  to  keep 
the  service  of  the  passenger  traffic  on 
time  and  run  the  trains  with  safety.  They 
must  rely  upon  the  fidelity  and  judgment 
of  those  in  charge  of  the  trains,  the  safe- 
ty appliances,  and  the  telegraph.  Those 
that  hold  these  highly  responsible  posi- 
tions cf  trust  should  be  schooled  to  the 
positions  they  are  to  hold,  and  only  the 
best  of  their  class  selected  to  fill  the  posi- 
tions of  trust.  They  should  have  suf- 
ficient salary  so  that  they  will  value  their 
positions  so  well  they  will  render  their 
best  efforts  in  order  to  retain  them. 

But  sometimes  the  best  human  mind 
will  err  in  all  vocations  of  life.  Conse- 
quently human  ingenuity  and  skill  have 
ever  been  directed  with  marvelous  results 
to  produce  apparatus  or  devices,  not  only 
to  remind  men  of  their  duty,  or  error, 
but,  should  they  fail,  to  register  the  er- 
ror, thus  fixing  the  responsibility.  And 
for  many  important  purposes  these  de- 
vices automatically  of  themselves  may 
perform  the  duty  and  prevent  what 
might  have  happened. 

There  is  a  long  gruesome  list  of  rail- 
road wrecks  that  have  resulted  through 
the  sleeping  telegraph  operator  in  a  way 


station  or  signal  tower.  Why  should  not 
a  operator,  no  matter  where  he  is  lo- 
cated on  a  line  of  railroad,  have,  above 
all  men  of  responsibility,  a  detector  reg- 
istering more  often  than  any  other  his 
service  to  duty?  The  ordinary  business 
man  employing  a  watchman  to  watch 
over  his  premises  during  the  hours  of 
night  has  such  a  device  to  keep  that 
watchman  attentive  to  his  duty  looking 
after  possible  thieves  or  for  fire,  on  his 
premises. 

To  my  mind  the  whole  trouble  with 
the  railroad  signal  and  train  control  sit- 
uation in  our  country  is  that  there  are 
too  many  signals ;  too  much  complicated 
apparatus  used  and  intricate  working  de- 
tails ;  too  much  dependence  upon  poorly 
paid  human  responsibility  in  its  control. 
There  should  be  but  one  standard  of  rail- 
road signal  and  train  control ;  a  system 
uniform  throughout  the  railroad  systems 
of  the  country.  It  should  be  a  simple 
system  thoroughly  tested  and  then  its 
adoption  should  be  compelled  by  the 
Government.  It  should  be  regularly  in- 
spected and  kept  in  thorough  repair  un- 
der the  supervision  of  government  in- 
spectors. A  matter  of  first  cost  should 
not  be  considered  in  a  matter  of  so  vital 
interest  to  all  our  people. 

A  locomotive  traveling  at  a  high  rate 
of  speed,  say  45  miles  an  hour,  passes  a 
stretch  of  track  of  1,000  feet  in  but  a 
few  seconds  of  time.  The  engineer  may 
be  approaching  a  way  signal  at  this  par- 
ticular time.  A  current  of  air  suddenly 
created  through  a  suction  current  may 
drive  a  volume  of  smoke  or  steam  to  his 
side  of  the  locomotive,  obscuring  from 
his  vision  the  signal  toward  which  he  is 
rushing,  and  he  passes  without  seeing  it. 
It  will  be  said  that  it  is  his  duty  to  stop 
his  train  as  quickly  as  possible,  call  for 
a  brakeman  to  be  sent  back  as  per  the 
rules  of  his  company  to  provide  a  means 
of  warning  any  following  passenger  or 
other  train  to  stop,  so  he  may  back  with 
safety  to  a  point  to  see  the  signal.  This 
he  does  we  will  say  and  finds  it  at  safety. 
Then  he  recalls  the  brakeman  sent  back, 
waits  for  him,  and  then  goes  ahead 
again.  All  this  takes  time.  And  there  is 
a  delay,  and  a  situation  to  be  explained, 
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and  there  is  only  the  word  of  the  engi- 
neer. 

Visible  railroad  signals  should  be  of 
only  one  class.  Danger  signals ;  one  col- 
or by  day,  and  the  same  by  night.  They 
should  be  of  such  size  and  distinctive 
color  as  easily  to  be  discernible  over  the 
whole  stretch  of  the  railway  within  the 
signal  giving  zone.  Such  a  signal  should 
have  as  an  auxiliary  apparatus  means  of 


PERHAPS   THIS  HAPPENS   WHEN   PASSING 
A    SIGNAL. 

giving  a  loud  audible  alarm  upon  the  lo- 
comotive, or  to  operate  a  locomotive  en- 
gine stop  when  the  signal  is  at  danger. 
And  right  here  the  manager  of  a  railroad 
will  tell  you,  and  with  great  truth,  no  ap- 
paratus oi  such  character  has  as  yet  been 
produced  for  that  purpose  which  is  re- 
liable in  its  operation. 

No  system  of  audible  locomotive  sig- 
nal, or  engine  stop,  can  be  operated  with 
success  except  under  the  most  favorable 
conditions ;  unless  the  service  way  con- 
ductor is  always  in  connection  with  the 
locomotive  so  as  to  give,  in  sufficient 
block  lengths  of  the  rapidly  moving  loco- 
motive, the  electric  power  time  to  per- 
form its  highly  important  functions. 

There  is  another  problem  where  steam 
railroads  are  operated  in  conjunction 
with  electric  traction  on  the  same  right  of 
way.  At  a  discussion  early  last  year  at 
an  Institute  meeting  in  New  York  City 
the  following  statement  was  made  by  a 
member  and  agreed  upon  by  the  mem- 
bers present,  while  considering  the  in- 
stallation of  the  under-running  protected 
third-rail  as  in  use  on  the  West  Shore 
and  New  York  Central  railroads,  as  fol- 
lows:    "The  signal  field  also,  is  one  in 


which  there  is  room  for  improvement  in 
reducing  the  cost  of  installation  so  as 
to  make  the  use  of  electricity  feasible 
from  a  financial  standpoint.  The  use  of 
electricity  at  the  present  day  requires  the 
throwing  away  of  old  type  signal  and 
interlocking  systems,  and  the  installation 
of  an  entirely  new  system  at  a  vast  cost, 
due  to  the  necessity  of  using  the  track 
rails  for  the  return  current.  On  one  of 
the  branches  of  the  New  York  Central 
railroad  the  substitution  of  electricity  for 
steam  has  been  indefinitely  postponed,  be- 
cause of  the  attendant  great  cost  of  mak- 
ing a  change  in  the  block  signals  and  in- 
terlocking, but  one  of  the  electrical  com- 
panies now  gives  hope  that  a  new  method 
has  been  devised  which  will  do  away 
with  the  necessity  for  more  expensive 
portions  of  the  apparatus,  and  so  far  re- 
duce the  cost  of  the  change  of  signaling 
as  to  make  feasible  the  electrification  of 
the  branch  line." 

The  safe  operation  of  railroad  trains 
was  a  problem  of  years  after  the  advent 
of  this  means  of  transportation,  and  the 
problem  has  not  by  any  means  been  fully 
solved  as  yet.  The  first  great  advance 
was  the  achievement  of  Mr.  George 
Westinghouse — the  invention  of  the  air 
brake.  The  foundation  of  this  great 
invention  was  the  placing  in  direct  con- 
nection with  the  locomotive  boiler  an  au- 
tomatically operated  air  pump  equipment. 
The  power  that  drew  the  train  operated 
the  air  pump  that  furnished  the  air  power 
to  stop  the  train  when  it  was  necessary. 
Then  came  the  vacuum,  produced  in  the 
same  way.  The  reliable  block  signal  and 
train  control  system  of  the  future  must 
have  its  prime  operative  from  the  same 
source. 

The  power  that  moves  the  steam  train, 
unlike  the  electric  traction  system  which 
latter  derives  its  power  from  conductors 
located  upon  the  way,  is  from  a  steam 
prime  mover  which  generates  its  energy 
while  standing  or  moving.  Therefore, 
for  steam  traction,  the  signal  and  train 
control  must  derive  its  power  to  perform 
its  functions  in  the  most  simple  and  re- 
liable way.  from  the  locomotive  boiler 
through  an  auxiliary  equipment  such  as 
an  electric  power  generating  unit,  similar 
to  the  Westinghouse  air  brake  pump. 

To  such  a  system  T  have  given  much 
thought.     As  a  result  I  suggest  the  fol- 
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lowing-  system,  whose  foundation  is  based 
on  standard  apparatus  and  equipment  in 
combination. 

Time  and  constant  use,  with  the  im- 
provements up  to  date  have  proven  the 
reliability  of  the  over-head  trolley  con- 
ductor. For  the  purpose  I  am  about  to 
describe,  I  have  selected  what  is  called 
the  loop  trolley  as  so  extensively  used  in 
Europe  on   all   electric   high   speed   rail- 


ground  this  three  or  five  mile  section  of 
over-head  wire  to  stop  any  locomotive 
entering  or  running  in  that  block. 

Instead  of  the  over-head  trolley,  the 
inverted,  or  under-running  third-rail  of 
a  much  lighter  construction  than  that  so 
extensively  in  use  for  electric  traction 
purposes  could  be  used. 

To  perfect  the  present  situation  (the 
use  of  the  present   block  signaling  and 


PROPOSED     TROLLEY     SIGNAL-OPERATING    SYSTEM. 


ways.  I  propose  that  all  steam  locomo- 
tives on  the  line  of  railroad  be  equipped 
with  one  of  these  trolleys  on  top  of  the 
cab,  and  in  connection  with  it  and  a 
ground  that  there  be  an  automatically 
operated  electric  power  generating  unit, 
taking  up  no  more  room  upon  the  loco- 
motive than  the  air  pump  for  the  air 
brakes.  An  over-head  conductor  should 
be  installed,  sectioned  off  by  insulated 
joints  every  three  to  five  miles.  Two  lo- 
comotives within  each  block,  the  two 
power  generating  units  combining,  would 
thus  complete  a  powerful  electric  circuit 
sufficient  to  operate  any  valve  of  standard 
make,  and  of  a  size  sufficient  to  blow  a 
very  loud  whistle  upon  each  locomotive, 
and  operate  a  locomotive  engine  stop.  A 
tower  switch  operating  lever  has  only  to 


train-control  systems),  I  would  recom- 
mend the  use  of  a  sealed  automatic 
time  registering  device  for  the  purpose 
of  keeping  an  exact  record  of  the  move- 
ment of  any  visible  railroad  signal,  the 
minute  and  second  of  each  hour  of  the 
whole  day,  showing  when  the  signal 
went  to  ''danger"  and  the  time  it  was 
in  such  a  position.  There  should  also 
be  a  duty  register  for  every  telegraph 
and  signal  operator,  requiring  them  to 
register  once  so  often  each  hour  of  the 
whole  day.  This  would  lay  the  blame, 
should  an  accident  occur,  where  it  be- 
longs. 


The  first  alarm  of  fire  by  an  electric 
telegraph  system  was  given  at  8 130  p.  m., 
April  29,  1852,  in  Boston. 
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A  HANDY  MAGNET. 

Did  you  ever  try  to  remove  chips  and 
borings  from  the  almost  inaccessible 
nooks  in  a  machine  tool  or  to  fish  a  bolt 
or  boring  tool  out  of  the  bed  of  a  lathe 
without  leaving  part  of  your  knuckles 
behind  ?  If  you  ever  did  you  will  appre- 
ciate the  handy  magnet.  In  shops  where 


HANDLING  NAILS  WITH  A  MAGNNT. 

brass  and  iron  filings  accumulate  it  is 
necessary  to  separate  the  two  metals  be- 
fore selling  or  melting  them.  Here 
again  the  handy  magnet  is  especially 
useful,  for  it  will  attract  only  the  iron 
or  steel,  making  separation  easy  by  sim- 
ply passing  the  magnet  through  the 
mixed  metals. 

The  new  device  is  a  hand  magnet 
weighing  only  about  seven  pounds,  but 
capable  of  lifting  castings  of  from  10  to 
15  times  its  own  weight.  It  is  designed 
for  operation  on  no-volt,  direct  current 
circuits  and  is  furnished  with  drop  cord 
and  attachment  plug  so  that  it  may  be 
readily   attached   to   any   ordinary   lamp 


socket.  The  push  button  mounted  on 
top  of  the  magnet  and  operated  by  the 
thumb  closes  the  circuit  to  the  coils  and 
makes  the  magnet  operative.  On  re- 
leasing the  button  the  poles  become  de- 
magnetized and  the  load  is  released. 

In  foundries  the  magnet  may  be  used 
to  pick  up  hot  or  awkwardly  shaped 
castings ;  smooth  plates,  which  are 
sometimes  difficult  to  secure  a  hold  on 
when    laying  on   a   flat    surface. 

Suspended  with  its  two  poles  im- 
mersed in  the  liquid,  the  magnet  will  at- 
tract to  itself  any  particles  of  iron  or 
steel,  which  it  may  be  desired  to  remove 
from  the  tubs  in  which  paints,  glazes, 
chemicals,  etc.,  are  mixed. 

One  user  who  has  several  automobile 
trucks  in  his  business,  put  the  magnet 
to  a  novel  use.  He  was  paving  an  alley 
in  the  rear  of  his  store  with  ashes  and 
finding  that  many  nails  from  packing 
boxes,    burned   under   the   boilers,    were 


AX    OBJECT  THAT   WOULD    BE    AWKWARD 
TO    HANDLE    WITHOUT    THE    MAGNET. 

mixed  with  the  ashes,  he  guarded  against 
punctured  tires  by  employing  a  magnet 
10  remove  nails  from  the  ashes  before 
strewing  them  in  the  alley. 


THE  NAVY  ELECTRICAL  SCHOOL. 

BY   LIEUT.    COM.    PHILLIP    WILLIAMS. 


Very  few  citizens  in  this  large  coun- 
try of  ours  are  aware  of  the  fact  that 
a  technical  school  of  high  order  for  the 
specific  purpose  of  teaching  electricity 
is  maintained  by  the  United  States  gov- 
ernment at  New  York.  There  is  an  in- 
creasing demand  for  electricians  in  the 
navy  just  as  there  is  for  them  in  civil 
life,  and  the  government,  realizing  the 
importance  of  this  great  branch  of  sci- 


igation.  They  must  be  American  citi* 
zens,  sound  in  mind  and  body,  and  be 
able  to  pass  a  rigid  physical  examina- 
tion; must  have  some  knowledge  of 
electricity,  and  be  able  to  solve  problems 
in  arithmetic  through  fractions  and 
decimals.  Those  between  the  ages  of 
21  and  35  with  a  fair  knowledge  of  elec- 
tricity and  electric  machinery  enter  the 
school  as  electricians  third  class,  and  are 


STUDYING    LINE    WORK    AND    WIRING    APPLIANCES. 


ence,  is  willing  to  educate  those  men 
who  are  eventually  to  handle  the.  large 
power  plants  now  necessary  on  modern 
battleships,  a  battleship  of  the  type  of 
the  "Connecticut"  requiring  some  30  ex- 
pert electricians  on  board  to  care  for  the 
electrical  machinery  and  appliances. 

All  men  upon  entering  the  electrical 
branch  of  the  Navy  are  sent  to  the 
Naval  Electrical  School  before  detailed 
to  ships  for  sea  duty.  The  men  who 
attend  this  school  are  from  all  parts  of 
the  country,  and  must  meet  the  qualifi- 
cations required  by  the  Bureau  of  Nav- 


paid  $30  per  month ;  those  between  the 
ages  of  18  and  25,  with  little  knowledge 
of  electricity  but  a  good  high  school 
education,  enter-the  school  as  Landsmen 
for  Electricians  and  are  paid  $16  per 
month. 

The  men  at  the  school  are  all  regu- 
larly enlisted  in  the  United  States  Naval 
Service  for  four  years  and  have  all  the 
privileges  and  allowances  of  enlisted 
men.  When  they  join  the  service  they 
are  given  an  outfit  of  clothing  to  the 
value  of  $60.  Their  home  is  on  board 
the  U.  S.  S.  Hancock  at  the  Navy  Yard, 
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New  York,  and  they  are  there  furnished 
board,  lodging  and  medical  attendance. 

The  course  at  the  school  is  unique. 
There  are  no  classes;  instruction  is  in- 
dividual." 


with   simple   electrical   experiments. 

The  remainder  of  the  course  is  entire- 
ly practical,  the  men  going  from  the 
theory  section  to  duty  in  the  dynamo 
room   of  the  U.   S.   S.   Hancock  wh^rp 


LABORATORY   WORK   IS    COMBINED    WITH   THEORY. 


The  course  covers  21  weeks  alto- 
gether. Upon  entering  the  school  men 
are  first  assigned  to  the  theory  section 
where  four  weeks  is  devoted  to  the  study 
of  the  principles  of  electricity,  magnet- 


they  become  familiar  with  the  ship's 
electrical  plant  and  its  routine  and  where 
they  are  taught  its  care  and  manipula- 
tion under  the  supervision  of  trained 
electricians. 


TUNING  AND  ADJUSTING  WIRELESS  TELEGRAPH  APPARATUS. 


ism  and  electromagnetism.  The  men  are 
made  familiar  with  electrical  units,  the 
theory  of  dynamos  and  motors,  the 
handling   of   electrical    instruments    and 


In  order  to  satisfy  the  demands  of  the 
electrician  on  board  ship  the  men  must 
also  be  "ready  men"  with  the  lathe, 
tools,  and  at  all  repair  work. 
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Entering  the  practical  electricity  sec- 
tion, the  men  have  the  handling,  the 
actual  assembling  and  taking  apart,  the 
adjusting  and  the  manipulating  of  prac- 
tically all  the  electrical  machinery,  ap- 
pliances and  instruments  found  on  board 
ship. 

After  the  work  in  practical  electricity 
all  the  men  are  given  a  thorough  course 
in  wireless  telegraphy.  They  are  taught 
its  principles,  the  arrangements  of  the 
different  types,  how  to  send  and  receive 
messages ;  each  one  actually  doing  the 
sending   and    receiving.      They   are   de- 


tailed from  time  to  time  for  duty  at 
the  Navy  Yard  Station,  which  is  almost 
constantly  in  communication  with  other 
stations  and  with  ships  at  sea,  and 
which  is  one  of  the  most  important  wire- 
less stations  in  this  country.  They  are 
taught  the  care  and  handling  of  in- 
struments, and  the  routine  of  wireless 
telegraph  stations. 

After  the  course  in  this  section,  the 
men  are  well  equipped  for  their  duty  as 
electricians  in  the  navy,  and  are,  by 
orders  from  the  Navy  Department, 
Washington,  D.  C,  sent  to  various  ships. 


UNIQUE  CENTRAL  STATION  ADVERTISING. 


Window  displays  made  by  electric 
lighting  companies  are  a  form  of  adver- 
tising which  has  done  much  to  popular- 
ize the  use  of  electric  current,  especially 
for  household  purposes.  A  s'triking  dis- 
play of  this  character  is  shown  in  the 
picture  and  was  fitted  up  by  the  Dayton 
(Ohio)    Lighting  Company. 

A  live  pig  was  allowed  to  roam 
around  the  window  and  the  advertising 
ings  that  would  tend  to  help  the  electric 
light  and  power  business  along. 


well  as  the  electric  milk  warmer  at  the 
top. 

The  intended  effect  was  to  bring  out 
the  fact  that  you  could  roast  a  small  pig 
in  an  electric  oven,  which  appears  on 
the  right  of  the  photograph. 

The  company  changes  its  "New  Busi- 
ness" department  windows  every  week, 
and  keeps  them  up-to-date  and  "alive," 
taking  advantage  of  all  the  local  happen- 
ings that  would  tend  to  help  the  electric 
light  and  power  business  along. 


IK, 


UNIQUE    CENTRAL   STATION   SHOW    WINDOW. 
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By  Courtesy  of  the  Chicago  Tribune. 


AT  THE  TELEPHONE. 

The  daily  newspaper 
cartoon,  reproduced 
herewith,  is  a  drawing 
that  arrests  attention.  It 
is  the  work  of  John  T. 
McCutcheon,  and  was 
published  in  the  Chicago 
Daily  Tribune.  A  tem- 
porary crib  used  in  the 
work  of  building  a  tun- 
nel for  water  supply  be- 
neath, the  bed  of  Lake 
Michigan,  and  located 
perhaps  three-quarters 
of  a  mile  from  the 
shore,  off  Chicago,  was 
burned  on  January  20, 
1909.  The  alarm  was 
given  by  telephone,  as 
the  picture  depicts  with 
such  terrible  intensity, 
although  the  man  "who 
gave  it  was  never  able 
to  finish  the  message. 
The  great  value  of  the 
telephone  is  not  fully 
realized  until  some  great 
emergency  arises. 


THE  MODERN  ALADDIN'S  LAMP. 


Scarcely  less  marvelous  than  the  magic 
power  of  the  lamp  of  Aladdin  in  the 
good  old  eastern  tale  is  the  rapidity  with 
which  the  tungsten  electric  incandescent 
lamp  has  come  into  use  in  the  United 
States.  In  1907  there  were  48,000  of 
these  lamps  made  in  the  United  States ; 
in  1908  the  number  was  3  500,000.  The 
tungsten  lamp  has  been  "commercial"  in 
this  country  for  about  two  years.  The 
reason  for  its  extraordinary  popularity 
is  the  fact  that  it  gives  about  2^  times 
the  light  of  'he  ordinary  carbon  filament 
lamp,  for  th:  same  consumption  of  elec- 
tricity. It  has  been  said  to  be  the  great- 
est development  in  electric  lighting  in  the 
last  20  years. 

The  tungsten  lamp  was  developed 
abroad,  especially  in  Germany  (although 
it  is  said  that  the  first  patent,  but  not 
practicable,  was  taken  out  in  the  United 
States  in  1876),  but  it  has  received  its 
greatest  recognition  and  improvement  in 
this  countrv.  On  the  electric  lierhtinsr  cir- 


cuits ordinarily  in  use  it  is  not  available 
in  small  sizes,  the  "25-watt"  lamp,  of 
about  20  candlepower,  being  the  small- 
est. But  for  "low-voltage"  circuits,  say 
for  automobiles,  train  lighting,  etc.,  the 
smallest  sizes  are  made. 

Tungsten  is  a  metal,  of  course,  but  it 
has  the  characteristic  that  it  cannot  be 
drawn  into  a  wire  for  the  lamp  filament 
by  any  practicable  process  now  known. 
In  the  shape  of  a  powder  it  is  made  into 
a  paste  with  a  binding  material.  It  is 
then  squirted  under  pressure  through  a 
small  die,  producing  the  unfinished  fila- 
ment. Next  it  is  dried,  cut  into  shape. 
and  purified  by  the  passage  of  an  elec- 
tric current.  This  must  be  done  with- 
out oxidation,  and  it  is  said  that  the 
success  of  the  lamp  depends  upon  the 
purification  process.  When  completed. 
owing  to  its  crystalline  structure,  the 
filament  is  rather  fragile,  and  conse- 
quently the  larger  lamps,  with  their 
long  filaments,  cannot  be  used  where 
there  is  much  vibration. 


FIRST  ELECTRIC  RAILWAY  IN  NORWAY. 


BY    DR.     ALFRED    GRADENWITZ. 


Until  recently  Norway  had  never  had 
an  electric  railway.  This  was  natural, 
for  the  larger  cities  were  provided  with 
steam  railroad  facilities  and  the  outlying 
districts  were  too  sparsely  settled  to  give 
promise  of  profitable  operation.  One 
locality  was  found,  however,  which 
could  better  be  served  by  an  electric  line 
than  by  any  other  means,  and  this  was 
the  picturesque  valley  of  the  River 
Orkla.  Here  an  electric  railway  con- 
nects Thamshavn  and  Lokken  mines, 
and  runs  along  Orkedals  Fjord,  about 
20  miles  west  of  Trondhjem,  with  which 


lighting  the  town  and  the  villages  situ- 
ated along  the  railway  as  well  as  for 
operating  the  Lokken  mining  machinery. 

Solbu,  a  typical  wayside  station,  is 
shown  in  one  of  the  pictures.  The  sta- 
tion buildings,  made  of  logs,  are  quaint 
in  design,  though  substantial  and  ex- 
actly suited  to  the  locality.  The  sod 
roofs  of  the  buildings  are  in  marked* 
contrast  to  the  very  modern  "catenary" 
trolley  construction  and  the  electric 
lights. 

The  railway  is  operated  on  what  is 
known  as  the  alternating  current,  single 


QUAINT    NORWEGIAN    RAILWAY    STATION. 


town  a  regular  steamer  service  has  been 
established  in  connection  with  the  rail- 
way. 

The  main  line  is  about  16  miles  long, 
and  the  freight  line  and  sidings  add  an- 
other three  miles.  At  the  terminal  sta- 
tion of  Thamshavn  is  situated  one  of  the 
largest  Norwegian  timber  factories  in 
which  the  well  known  wooden  houses 
are  made  on  a  large  scale. 

Energy  for  operating  the  railway  is 
derived  from  a  large  hydroelectric  power 
house  installed  to  the  west  of  Thams- 
havn in  another  valley,  near  the  Skjen- 
ald  Falls,  which  yield  a  good  flow  of 
water  throughout  the  year.  The  same 
power  house   also   supplies   current   for 


phase  system.  This  system  is  the  latest 
development  in  electric  railroading,  and 
is  coming  into  quite  extensive  use  in 
this  country.  In  our  ordinary  city  rail- 
ways and  in  most  interurban  lines  direct 
current  is  used  (current  flowing  continu- 
ally in  one  direction)  at  about  500  to 
600  volts  pressure.  To  obtain  it  the  cur- 
rent is  first  generated  in  the  power  plant 
as  alternating  current  at  high  pressure 
or  voltage.  It  is  then  transmitted  to 
substations  along  the  lines.  The  pres- 
sure is  then  reduced  by  a  transformer. 
Then  by  a  special  machine  the  alternat- 
ing current  is  changed  to  direct-curent 
and  fed  into  the  trolley  wires  at  fre- 
quent '  intervals.      This   all   takes   costly 
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machinery  and  numerous  attendants. 
With  the  single  phase  system,  however, 
current  at  high  voltage  is  transmitted 
directly  to  the  trolley  wires,  and  there 
are  specially  made  motors  on  the  cars  to 
utilize  it.  This  results  in  a  considerable 
saving  in  apparatus  and  line  losses,  and 
the  system  is  now  widely  advocated  by 
engineers  for  interurban  roads. 

The  second  illustration  shows  one  of 
the  20-ton  electric  locomotives  used  in 
drawing    the    cars    on    the    Thamshavn 


$7.31  a  year  the  subscriber  is  entitled  to 
two  receivers  and  the  full  service  of 
news,  music,  etc.,  the  subscriber  to  pay 
the  expenses  of  installation  and  removal, 
generally  about  $8.50.  The  service  be- 
gins at  8.55  a.  m.,  when  a  buzzing  noise 
loud  enough  to  be  heard  across  a  large 
room  and  lasting  for  15  seconds,  an- 
nounces the  correct  time.  At  9 130  the 
day's  program  of  important  events  is  an- 
nounced; that  is  to  say,  the  ceremonies, 
lectures,  plays,  race?,  etc.     At  10  and  11 


ELECTRIC    LOCOMOTIVE    ON    NORWEGIAN    RAILWAY. 


line.  Instead  of  the  usual  trolley  pole 
and  wheel  a  "pantagraph"  trolley  is 
used  which  slides  along  under  the  wires, 
springing  up  and  down  with  any  irregu- 
larities in  the  contour  of  the  line. 


TELEPHONE  NEWS  SERVICE. 

Private  enterprise  has  established  a 
unique  telephone  news  service  in  Buda- 
pest, the  capital  of  Hungary.  The  tele- 
phones which  give  this  service  are  en- 
tirely distinct  from  the  regular  telephone 
system  which  is  owned  by  the  govern- 
ment. 

For  an  annual   subscription  price   of 


o'clock  stock     quotations     and     general 
news  items  are  given. 

At  noon  comes  a  second  announce- 
ment of  the  correct  time,  followed  by 
parliamentary  news  and  general  item? 
of  interest.  At  12:45  stock  quotations 
from  the  local.  Vienna  and  Berlin  ox- 
changes  and  general  news.  At  2  p.  m. 
more  parliamentary  and  general  news, 
and  at  3  p.  m,  the  closing  prices  of 
stocks,  meteorological  forecast,  local 
personals  and  small  items,  and  in  winter 
the  condition  of  the  various  skating 
places.  At  4  p,  m.  court  and  miscellane- 
ous news.  From  4:30  to  0:30  military 
music   from   one   of   the    great   cafes   or 
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gardens.  In  the  evening  the  subscriber 
may  choose  between  the  Royal  Opera 
and  one  of  the  theatres,  and  later  music 
by  one  of  the  orchestras. 

This  program  is  sufficiently  varied  to 
satisfy  the  desires  of  all  classes  of  sub- 
scribers, and  in  general  the  service 
seems  to  give  the  utmost  satisfaction. 


AUTOMATIC  LAMP  FLASHER. 

The  "Firefly"  thermostatic  flasher,  the 
basic  principle  of  which  was  invented 
by  Dr.  C.  O.  Schneider  of  Chicago,  is 
a  very  interesting  little  device  to  auto- 
matically open  and  close  the  circuit,  to 
flash  one  or  more  electric  lamps  with 
which  it  is  connected  in  series. 


diately  below  this,  but  separated  by  an 
air  space  of  about  1-64  of  an  inch,  is  a 
disk  also  of  iridio-platinum  mounted  in 
the  tip  of  the  binding  post  which  is  be- 
low. These  form  the  contacts  between 
which  the  current  is  made  and  broken. 
The  flasher  is  connected  with  the  lamp 
in  series,  as  is  shown  in  the  picture. 

Now  when  the  current  is  turned  on, 
the  circuit  through  the  lamp  is  complet- 
ed only  after  the  electricity  has  trav- 
ersed the  fine  wire  winding  of  high  re- 
sistance, and  this  so  impedes  the  current 
that  only  a  very  trifling  amount  can 
pass,  and  consequently  the  lamp  remains 
dark.  The  little  electricity  that  does 
pass,    however,   is   enough   to    raise   the 


THE  AUTOMATIC  LAMP  FLASHER. 


It  is  a  well  understood  fact  that  a  like 
.change  in  temperature  will  produce  a 
greater  or  less  amount  of  expansion  or 
contraction  in  one  kind  of  metal  than  in 
another.  Brass  when  subjected  to  the 
same  rise  in  temperature  will  expand 
considerably  more  than  iron. 

In  this  instrument  two  parallel  bars 
of  metal  are  used,  the  upper  one  being 
brass  and  the  lower  one  iron,  and  they 
are  riveted  together  in  several  places. 
This  composite  bar  is  then  fastened 
tight  to  the  porcelain  base  at  one  end, 
and  the  other  end  is  free  to  move  up  or 
down  when  effected  by  a  change  in  tem- 
perature. 

Around  this  composite  bar  is  a  wind- 
ing of  extremely  fine  insulated  wire  of 
high  resistance.  This  winding  is  con- 
nected to  the  bar  at  that  end  which  is 
fastened  to  the  base  and  the  other  end 
of  the  wire  is  not  in  contact  with  the 
bar,  but  is  connected  to  the  binding  post 
below.  In  the  free  end  of  the  bar  be- 
yond the  winding  is  a  screw  with  a  piece 
of  iridio-platinum  in  the  end,  and  imme- 


temperature  of  the  composite  bar  of 
iron  and  brass,  and  due  to  this  heat,  the 
upper  or  brass  piece  expands  most,  and 
consequently  the  free  end  of  the  "bar 
moves  down  until  the  platinum  contacts 
ccme  together,  thus  cutting  out  the  re- 
sistance of  the  winding  by  closing  the 
circuit  so  the  current  will  take  the  path 


LAMP  FLASHER  INSTALLED  IN  BASE  OF 
SOCKET. 

of  comparatively  no  resistance  through 
the  composite  bar  itself,  and  consequent- 
ly the  lamp  is  lighted.  Now  as  there  is 
no  more  current  passing  through  the 
winding,  the  bar  soon  ._  cools    and    con- 
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tracts  so  that  the  contact  is  again  broken 
and  the  light  goes  out.  Thus  the  lamp 
automatically  flashes  on  and  off  20  or 
30  times  a  minute  for  an  indefinitely 
long  time. 


TUNGSTEN  LAMPS   FOR    AUTOMOBILES. 

The  new  tungsten  lamp,  the  econom- 
ical features  of  which  have  revolution- 
ized electric  lighting,  has  been  success- 
fully applied  to  automobiles  to  take  the 
place  of  the  oil  signal  lamps  or  for  in- 
strument illumination. 

The  tungsten  lamps  are  made  in  minia- 
ture sizes  which  can  be  run  by  low  volt- 
ages from  the  ignition  battery  at  such  a 
high  efficiency  as  to  necessitate  only  one- 
third  of  the  battery  capacity  required  for 
carbon  lamps. 

It  is  very  probable  that  electric  lights 
will  soon  take  the  place  of  the  acetylene 
headlights  on  automobiles  used  for  city 
purposes.  There  is  even  some  talk  of 
passing  ordinances  in  several  cities 
against  the  use  of  these  glaring  head- 
lights which  blind  pedestrians  and  other 
drivers.  Oil  headlights  have  been  tried 
but  they  give  too  little  light  and  the  ex- 
periments recently  conducted  with  the 
new  tungsten  electric  lights  warrant  the 
statement  that  they  make  better  head- 
lights than  gas  for  city  machines. 


THE  "JUST  PULL"  SWITCH. 

Are  you  short  ?    Perhaps  you  are  only 
just  below  medium  height.     But  at  any 


THE   "JUST   PULL"    SWITCH. 

rate  you  would  rejoice  to  have  all  out-of- 
reach  electric  light  buttons  brought  down 
to  where  vou  could  reach  them  without 


standing  on  tip-toes.  Here  is  a  device 
that  does  this  very  thing.  It  is  so  simple 
that  we  wonder  why  some  one  did  not 
think  of  it  long  ago.  It  consists  of  a 
little  metal  arm  with  a  short  chain  on 
each  end.  In  the  middle  is  a  spring  jaw 
which  snaps  on  over  the  button.  Then, 
pull  one  chain  and  the  lamp  is  turned 
on ;  pull  the  other  and  it  is  off. 


PORTABLE    ELECTRIC     BREAST     DRILL. 

A  portable  drill  for  iron  and  steel 
work,  operated  by  electricity,  forms  a 
very  convenient  addition  to  the  machin- 
ist's kit.  It  is  not  too  heavy  to  carry 
around  and  will  do  the  work  of  a  hand 
drill  much  more  quickly  and  with  a  min- 
imum   amount    of    labor.      The   sketch 


PORTABLE    ELECTRIC    BREAST    DRILL. 

shows  a  type  of  electric  breast  drill  which 
operates  on  direct  current.  No  electrical 
knowledge  is  required  on  the  part  of  the 
operator,  it  only  being  necessary  to 
screw  the  plug  into  a  convenient  lamp- 
socket  and  turn  a  snap-switch  located 
on  the  frame  of  the  machine.  The  end  of 
the  frame  is  provided  with  a  breast-plate 
and  the  handle  on  the  side,  for  steadying 
the  drill  while  in  operation,  may  be  un- 
screwed when  ready  to  pack  up. 

By  simply  removing  two  nuts  the  en- 
tire machine  may  be  taken  apart  tor  in- 
spection without  in  any  way  affecting  the 
electrical  connections.  The  running 
parts  are  enclosed  by  the  frame,  but  suit- 
able air-duets  provide  for  cooling  of  the 
armature.  The  machine  is  built  in  four 
si/es  which  will  take  drills  up  to 
1  •.  and  }4  inches  in  diameter,  respective- 
ly. 


ELECTRICITY  APPLIED  TO  HORTICULTURE 


BY    FRANK    C.    PERKINS. 


If  a  discharge  of  high  potential,  static 
electricity  will  have  a  stimulating  effect 
on  animal  life,  why  will  it  not  also  have 
a  similar  effect  on  plant  life?  So  rea- 
soned Sir  Oliver  Lodge,  the  noted  Eng- 
lish scientist,  and  he  put  his  reasoning 
into  effect  with  results  which  have  been 
widely  discussed,  and  which  many  be- 
lieve will  mark  another  step  in  modern 
agricultural   methods. 

The  method  employed  in  the  applica- 
tion of  electricity  to  horticulture  and 
agriculture  consists  in  stretching  over 
the  field  to  be  treated  a  number  of  wires 
on  poles  just  high  enough  for  loaded 
wagons  and    ordinary    farming    opera- 


be  maintained  for  some  hours  each  day, 
but  be  shut  off  at  night;  it  is  probably 
only  necessary  to  supply  it  during  the 
early  morning  hours  in  summer  time, 
and  in  spring  time  or  in  cold  cloudy 
weather  for  the  whole  day.  In  bright 
sunshine  it  seems  unnecessary  or  even 
harmful.  But  at  what  stages  of  the 
growth  of  a  plant  the  stimulus  is  most 
effective  has  still  to  be  ascertained.  Prob- 
ably the  earlier  the  better;  and  since  in 
the  case  of  wheat,  both  the  ear  and  the 
straw  is  valuable,  the  electrification 
should  be  applied  for  a  time  each  day 
during  the  whole  period  of  growth  until 
stooling  begins. 


FIG.  1.  HIGH  TENSION  APPARATUS  USED 
IN  HORTICULTURE. 

tions  to  go  on  without  difficulty  below 
the  wires.  The  wires  are  quite  small  and 
are  supported  by  a  few  posts  in  long 
parallel  spans,  these  being  about  30  feet 
apart.  At  one  post  the  electric  current 
supply  of  high-potential  static  electricity, 
similar  to  that  produced  by  a  friction 
machine,  is  connected  to  the  system  of 
conductors,  with  power  for  maintaining 
a  constant  supply. 

It  is  said  that  leakage  immediately  be- 
gins, and  the  charge  fizzes  off  from  the 
wires  with  a  sound  which  is  sometimes 
audible,  and  with  a  glow  just  visible  in 
the  dark.  Persons  walking  about  below 
the  wires  can  sometimes  feel  the  effect 
on  the  hair  of  the  head,  as  of  a  cobweb 
on  the  face.  They  are  then  feeling  the 
stimulating  action  of  the  electrification. 

It  is  held  that  the  electrification  should 


FIG.  2. 


THE  APPARATUS  IS  INSTALLED  IN 
SMALL     QUARTERS. 


Power  required  to  generate  the  elec- 
tricity is  very  small,  for  although  the 
potential  is  high  the  quantity  is  insignifi- 
cant, and  the  energy  is  accordingly  com- 
paratively trivial. 

Experiments  carried  out  at  the  Bev- 
ington  Hall  estate  near  Evesham,  Eng- 
land, by  Sir  Oliver  Lodge,  under  the 
direct  supervision  of  Electrical  Engi- 
neer J.  E.  Newman,  were  performed  on 
about  40  acres  of  land.  The  very  high 
tension  current  was  produced  by-  an  in- 
duction coil  and  a  system  of  valve  recti- 
fiers as  shown  in  Fig.  1.  The  current 
was  thus  supplied  to  the  field  wires  at  a 
tension  of  100,000  volts. 

The   apparatus   was   all  inclosed   in   a 


tittle  shed  shown  in  Fig.  2. 


Some   remarkable    results    were    ob- 
tained,   especially     in     growing    wheat. 
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Fig.  3  shows  two  wheat  stalks  grown  on 
good  soil  and  each  six  weeks  old.  The 
one  at  the  right  was  grown  under  the  in- 
fluence of  the  electric  discharges  while 
the  one  at  the  left  was  not.  A  much 
stronger  and  more  luxuriant  growth  is 
noticeable  in  the  former. 

In  discussing  electricity  in  agricul- 
ture, Sir  Oliver  Lodge  gave  some  inter- 
esting historical  data  as  follows: 

"Some  thirty  years  ago  a  Swedish  pro- 
fessor named  Lemstrom  sought  to  eluci- 
date the  Aurora  Borealis  by  trying  to 
imitate  its  appearance  by  electrical  ex- 
periments. For  this  purpose  he  pro- 
duced high-tension  discharges  of  various 
kinds,  and  sent  them  through  vacuum 
tubes  until  he  got  an  appearance  very 
like  that  of  the  Northern  Lights.  Some 
of  these  experiments  he  conducted  in  his 
greenhouse,  and  he  noticed  incidentally 
that  the  plants  seemed  to  thrive  under 
the  treatment,  and  that  the  electrifica- 
tion thus  produced  in  their  neighbor- 
hood appeared  to  do  them  good.  He 
also  noticed,  as  remarkable,  the  flourish- 
ing development  of  plants  in  Arctic  re- 
gions, where  the  sunlight  was  very 
weak;  and  he  attributed  part  of  this 
growth  to  the  influence  of  electric  dis- 
charges. 

He  says  that  when  the  plants  in  the 
north  of  Norway,  Spitzbergen  and  Finn- 
ish Lapland,  have  resisted  the  frequent- 
ly destructive  night  frosts  they  show  a 
degree  of  development  which  greatly 
surpasses  that  of  plants  in  more  south- 
ern regions,  where  the  climatic  condi- 
tions are  more  advantageous.  The  rich 
development  appears  principally  in  the 
fresh  and  clear  colors  of  the  flowers,  in 
their  strong  perfume,  in  the  rapid  devel- 
opment of  the  leaves  on  the  trees,  and 
their  scent,  but  particularly  in  the  rich 
harvest  which  different  seeds — such  as 
rye,  oats  and  barley — will  produce,  when 
,as  before  stated  they  are  not  destroyed 
by  the  frostr.  From  a  bushel  of  rye 
sown  they  will  often  produce  40  bushels, 
and  from  barley  20  bushels  and  so  forth. 
It  is  the  same  with  grass.  These  results 
are  attained,  although  the  people  culti- 
vate their  soil  very  imperfectly,  using 
only  ploughs  and  harrows  of  wood. 

"He  pursued  the  matter  by  careful 
observation,   taking  test   plants    in   pairs 


or  groups,  electrifying  one  group — that 
is  to  say,  discharging  some  electricity 
into  the  air  above  it— and  keeping  a 
similar  group  away  from  the  electricity 
in  order  to  compare  them.  Then  he 
photographed  the  two  groups  side  by 
side,  and  found  in  nearly  all  cases  a 
marked  improvement  as  the  result  of  the 
electrical  treatment.  He  concluded  that 
the  needle  like  shape  of  the  leaves  in  fir 
trees,  and  the  beard  on  the  ears  of  most 
cereals,  have  the  discharge  of  electricity, 
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FIG.    3.     WHEAT   STOCK  AT   RIGHT  WAS 
GROWN    UNDER    ELECTRICAL    IN- 
FLUENCE. 

as  their  function,  and  finds  that  they  do 
act  in  this  way. 

"This  observation  and  these  experi- 
ments of  Professor  Lemstrom  were  not. 
indeed,  the  beginning  of  the  application 
of  electricity  to  plant  growth,  because 
pioneer  attempts  had  been  made  long- 
before,  as  will  be  mentioned  directly,  but 
it  was  the  beginning  of  a  thorough  and 
scientific  treatment  of  the  problem.  At- 
tempts oi  a  different  kind  had  also  been 
made.  Plates  had  been  sunk  in  the 
ground,  ami  a  current  passed  between 
them  among  the  roots  of  plants:  but 
whatever  effect  is  thus  caused  is  of  a 
totally  different  kind  to  that  excited  by 
high  tension  electricity  supplied  to  the 
air  above  them.  There  are  natural 
earth    currents,    and     these     must     tlow 
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among  the  roots  of  plants,  though 
whether  they  produce  an  appreciable 
effect  may  be  doubted. 

"There  is  a  natural  atmospheric  elec- 
trification, and  this  must  be  playing  an 
important  part  in  many  phenomena.  At- 
mospheric electrification  is  responsible 
for  the  formation  of  rain  and  hail.  Dur- 
ing fine  weather  the  electricity  in  the 
air  is  usually  of  one  sign;  mainly  posi- 
tive. When  wet  weather  sets  in,  the 
electricity  in  the  air  usually  changes 
sign,  becoming  negative.  The  whole 
subject  is  a  large  one;  a  great  deal  is 
known  about  it,  and  vastly  more  re- 
mains to  be  known,  but  meanwhile  it 
can  hardly  be  doubted  that  the  electrifi- 
cation of  the  air  has  some  effect  on 
growing  plants.  For  it  is  found  that, 
under  the  influence  of  sunshine,  electri- 
fied plants  can  give  off  electricity  from 
the  leaves,  and  the  fact  that  the  air  is 
naturally  electrified  relatively  to  the  soil 
causes  all  plants  to  be  electrified  too,  so 
that  in  all  probability  they  are  in  a  con- 
stant state  of  slow  electrical  discharge, 
which  becomes  more  rapid  when  the  sun 
is  up.  In  what  way  this  discharge  of 
electricity  from  the  growing  tips  is  pro- 
duced is  not  known,  but  it  is  natural  to 
suppose  that  it  cannot  be  without  influ- 
ence, and  it  is  reasonable  to  think  that 
the  influence  may  be  beneficial — a 
hypothesis  which  direct  experiment  con- 
firms." 


CONNECTOR  FOR  ELECTRICAL  CIRCUITS. 

In  motor,  transformer  and  other  in- 
stallations it  is  sometimes  necessary  to 
replace  a  broken  piece  of  apparatus 
quickly.  The  process  of  unsoldering  the 
old  joints  and  soldering  new  ones  is  a 
slow  one,  and  in  case  of  emergency  the 
time  lost  may  represent  a  serious  ex- 
pense. A  simple  and  ingenious  device 
for  making  quick  connections  is  known 
as  the  segment  pin  connector,  made  for 
circuits  carrying  90  to  200  amperes. 
This  connector  is  of  brass,  in  two  parts. 
One  part  is  permanently  soldered  to  the 
motor  or  transformer  terminal,  the  other 
part  to  the  lead.  The  two  parts  of  the 
connector  may  be  joined  in  a  moment's 
time  by  turning  them  at  right  angles,  in- 
serting the  segment  shaped  lug  of  one 
into  Jthe    hole    of   the   other    and   then 


ELECTRICAL    CONNECTOR. 

bringing  the  two  parts  around  into 
alignment.  They  may  be  disconnected 
with  equal  ease  by  reversing  the  process. 
These  connectors  are  universal;  that  is, 
either  part  of  one  connector  will  fit 
either  part  of  any  other. 


MACHINE  FOR    WASHING    AND    DRYING 
BLUEPRINTS. 

An  automatic  electric  machine  of 
German  design  and  construction  per- 
forms the  washing,  drying  and  rolling 
of  blueprints,  delivering  them  complete. 
It  is  operated  by  an  electric  motor  driv- 
ing the  rolling  mechanism  from  the  top 
of  the  machine  by  a  chain  and  gearing. 
The  printing  is  done  by  three  arc  lamps 
each  consuming  1,300  watts  of  current. 


i 

BT  i 

MACHINE 


FOR     WASHING     AND 
BLUEPRINTS. 


DRYING 


The  tops  of  these  three  lamps  show  in 
the  picture. 

This  machine  is  said  to  have  a  capac- 
ity for  1,600  feet  of  blueprints  in  a  sin- 
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gle  day  of  10  hours.  By  a  continuous 
operation  the  tracing  cloth  is  fed 
through  the  machine,  passing  in  front  of 
the  lamps  along  with  the  sensitized  blue- 
print paper  fed  from  another  roll.  The 
completed  blueprint  is  then  delivered 
washed  and  dried. 


AUTOMATIC  CLOTH  SCOURING 
MACHINE. 

One  man  and  a  helper  can  do  with 
this  machine  work  that  would  require 
six  men  to  do  by  hand,  in  the  scouring 
of  cloth  in  dyeing  and  cleaning  estab- 
lishments. Again  it  is  the  electric  motor 
that  has  made  this  possible. 

The  water  and  other  ingredients  used 
in  the  scouring  process  are  stored  in  the 
tank  under  the  machine  (completely  out 


CLOTH     SCOURING    MACHINE. 

of  the  way)  and  are  supplied  to  the 
goods  being  scoured  through  a  perfor- 
ated pipe,  that  distributes  evenly  over 
the  surface  of  contact  with  the  brushes. 

The  water  is  raised  from  the  tank  by 
a  pump  that  starts  and  stops  autorntic- 
ally  as  the  machine  is  started  or  stopped. 

The  motor  drives  both  pump  and 
scouring  brushes  and  is  started  and 
stopped  by  a  pedal  arrangement  so  that 
the  operator  has  both  hands  free. 


A  PORTABLE  OZONE  PRODUCER. 

Ozone  is  a  peculiar  form  of  oxygen 
which  is  formed  by  the  chemical  union 
of  three  atoms  of  oxygen  with  each  oth- 
er to  form  a  tri-atomic  molecule  of  oxy- 
gen, as  it  is  called.  It  is  the  gas  which 
gives  off  the  peculiar  odor  that  is  noticed 


PORTABLE  OZONE  PRODUCER. 

when  heavy  discharges  or  sparks  of  elec- 
tricity pass  through  the  air.  Ozone  is  a 
powerful  disinfectant  and  germicide  and 
consequently  is  beneficial  for  purifying 
air  in  houses,  hotels,  hospitals,  etc. 

A  portable  apparatus  for  making  ozone 
is  shown  in  the  picture.  The  screen 
shown  in  front  forms  one  electrode  of  a 
high  voltage  circuit,  the  other  electrode 
is  in  the  interior  of  the  casing.  The  high 
voltage  is  produced  by  a  transformer 
contained  in  the  apparatus.  The  primary 
or  low  voltage  winding  of  the  transform- 
er is  connected  by  a  cord  and  plug  with 
any  lamp  socket  in  a  no-volt  alternating 
current  light  circuit. 

In  operation,  the  high  voltage  im- 
pressed upon  the  two  electrodes  causes 
a  "silent  discharge"  of  electricity  to  take 
place  between  the  electrodes.  This  dis- 
charge is  very  minute  and  can  hardly  he 
seen  or  heard,  but  it  brings  about  a 
chemical   union   in   the  oxygen   ataflS   \v 
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the  air  and  forms  an  abundance  of  ozone, 
which  is  blown  out  into  the  room  by  the 
electric  fan  shown  in  the  casing. 


BACK-YARD   ELECTRIC  LIGHT   CONNEC- 
TIONS. 

Residents  in  suburban  localities  do 
not  like  to  have  their  shade  trees  mu- 
tilated to  make  way  for  electric  light 
wires.  Neither  do  they  want  unsightly 
pole  lines  in  the  streets.  On  the  other 
hand,  to  make  complete  underground 
connections  in  all  the  side  streets  and  to 
the  individual  houses  is  very  costly,  and 
in  some  localities  would  prevent  electric 


various    houses    in    the   block    in    which 
electric  current  is  used. 

The  plan  has  been  very  successful  in 
this  instance.  The  light  company  has 
no  difficulty  in  securing  permission  from 
the  property  owners  to  erect  the  short 
pole  lines  in  the  back  yards,  so  anxious 
are  they  to  secure  electric  service  with- 
out at  the  same  time  marring  the  beauty 
of  their  streets. 


WHEN  THE  FUSE  BLOWS  OUT. 

"It  might  have  been,"  is  sad  enough 
but  it  does  not  cast  the  sable  folds  of 
gloom   over   the   average   business   man 
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By  Courtesy  of  the  Electrical  World,  New  York. 
PLAN    OF    BACK-YARD    POLE   LINES   AS    ADOPTED   IN   ROCHESTER,   N.    Y. 


service  being  given.  .To  meet  such  con- 
ditions the  Rochester  (N.  Y.)  Railway 
and  Light  Company  follows  the  unique 
plan  of  making  back-yard  service  con- 
nections, for,  as  in  most  cities,  there  are 
no  alleys  in  Rochester  where  pole  lines 
may  be  run. 

The  principal  streets  are  already  pro- 
vided with  an  adequate  underground 
conduit  system.  From  this  conduit  leads 
are  run  underground  to  the  back  yards 
of  the  first  of  each  row  of  houses  on  the 
side  street.  Here  they  leave  the  ground 
and  are  carried  up  to  the  cross-arms  of  a 
short  pole  line  which  only  extends  to 
the  other  side  of  the  block.  From  this 
pole  line  wires   are  tapped  off  for  the 


half  as  quickly,  nor  half  as  completely, 
as  when  the  grimy-fisted  conductor  on 
the  street  car  bawls  out,  in  his  terse  if  not 
grammatical  way,  "The  fuse  blowed  out ; 
take  the  car  ahead  \" 

The  business  man  seldom  knows  just 
what  has  happened  but  he  does  know  that 
he  must  hustle  into  another  car  or  be  late 
to  business.  ^ 

A  fuse  is  a  small  piece  of  metal  alloy 
wire  having  a  low  melting  point  and  its 
purpose  is  to  automatically  open  the  elec- 
tric circuit  under  abnormal  conditions. 
The  alloy  may  be  in  the  form  of  a  bare 
strip  of  wire  or  it  may  be  encased  in  a 
fireproof  tube.  When  the  current  is  ex- 
cessive this  wire  is  the  first  thing  to  melt, 
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cutting  out  the  current  which  would 
otherwise  damage  the  motors.  On  street 
cars  this  wire  usually  melts  with  an  ex- 
plosion and  a  puff  of  smoke,  harmless  in 
itself  but  sufficient  to  startle  nervous  pas- 
sengers. 

But  instead  of  being  indicative  of  dan- 
ger the  fuse  is  devised  to  prevent  acci- 
dents. Electric  machinery  differs  from 
all  other  machinery  in  that  it  will  work 
itself  to  death,  so  to  speak.  Overloaded 
engines  will  stop;  but  an  overloaded 
motor  will  work  right  on  until  it  burns 
up.  To  protect  it  fuses  or  circuit  break- 
ers are  inserted  in  the  circuit. 

The  fact  that  passengers  have  been  so 
frightened  when  the  fuse  blew  out  as  to 
jump  off  the  moving  car  or  even  out  of 
the  windows  necessitated  the  invention 
of  the  automatic  circuit  breaker.  The 
circuit  breakers  are  operated  by  an  elec- 
tric magnet  whose  core  it  attached  so  as 
to  trip  a  release  or  trigger  and  allow  a 
heavy  spring  to  throw  open  a  switch. 
This  device  does  away  with  the  explo- 
sion and  the  smoke. 


SOUTHERN     ELECTRICAL     AND     INDUS- 
TRIAL EXPOSITION. 

From  the  Southern  Exposition  to  the 
Southern  Electrical  and  Industrial  Ex- 
position is  a  long  step.  It  is,  long  in  re- 
spect to  years  and  it  is  long  in  respect 
to  developments,  both  electrically  and  in- 
dustrially. The  Southern  Exposition  was 
held  in  Louisville,  Ky.,  26  years  ago.  The 
Southern  "Electrical  and  Industrial  Expo- 
sition, to  be  held  April  12th  to  24th,  will 
show  a  development  in  electricity  never 
dreamed  of  a  quarter  of  a  century  ago. 

One  of  the  chief  purposes  served  by 
the  exposition  was  the  introduction  of 
the  application  of  electricity  to  lighting 
and  motive  force.  For  the  first  time  in 
Louisville  there  was  installed  at  that  ex- 
position the  electric  arc  lamp.  It  was  a 
very  crude  affair  compared  to  the  pres- 
ent day  lighting  facilities,  but  it  brought 
to  the  attention  of  those  who  saw  it  the 
possibilities  which  underlie  the  uses  of 
electricity.  At  that  time  the  citv  streets 
were  lighted  with  primitive  gas  lamps. 
Several  years  later,  these  unsightly  lamp 
posts  or  gas  lamps  gave  place  to  the  elec- 
tric arc  light,  now  awaiting  removal  to 
give  place  to  artistically  designed  poles 
bearing  high  candle-power  lights. 


Another  and  greater  service  was  that 
rendered  by  the  introduction  of  the  ap- 
plication of  electricity  to  motive  power  in 
street  railway  service.  What  is  now 
Central  Park  was  at  the  time  of  the  old 
exposition  the  "front  yard"  of  Mr.  A.  V. 
DuPont,  Louisville's  pioneer  street  car 
magnate.  Encircling  this  large  plot  of 
ground  was  a  narrow  gauge  railway 
track  on  which  were  operated  electrically 
propelled  cars,  among  the  first  used  in 
the  United  States.  The  cars  were  what 
operated  on  what  is  known  as  the  third 
rail  system,  the  trolley  being  then  a  dis- 
covery for  the  future.  The  cars  were 
small  and  the  service  was  anything  but 
satisfactory.  However,  it  was  the  fore 
runner  of  the  line  which  seven  years  later 
was  installed  on  Green  street  and  which 
was  the  third  electric  line  installed  in  the 
United  States.  Electric  railway  service 
in  1883,  however,  was  a  different  prop- 
osition from  what  it  is  today.  Then  it 
meant  a  short  ride  and  long  walk  in 
many  instances,  for  there  were  many 
halts  and  frequently  complete  suspension. 
But,  a  visit  to  the  exposition  at  that 
time  was  not  complete  without  a  ride  on 
the  "new  wrinkle." 

In  contrast  to  the  old  exposition,  the 
exposition  to  be  held  in  April  will  be 
very  distinct.  Whereas  there  was  shown 
at  the  old  exposition  the  beginning  of  the 
application  of  electricity,  there  will  be 
shown  at  this  one  the  very  latest  develop- 
ments, and  there  are  many  developments 
with  which  the  people  of  Louisville  and 
the  people  of  the  south  are  not  at  all  fa- 
miliar. 

The  Southern  Electrical  and  Indus- 
trial Exposition  will  be  held  in  the  ar- 
mory. An  interesting  feature  will  be  the 
display  of  a  giant  painting  showing  the 
river  front  of  Louisville  from  the  In- 
diana shore.  This  painting  WU1  be  40  by 
60  feet  and  will  be  one  of  the  most  per- 
fect sketches  ever  made  of  this  beautiful 
prospect.  In  it  the  artist.  Guv  M.  Leber, 
expects  to  produce  his  masterpiece. 

At  the  south  end  of  the  armory  will 
be  hung  a  giant  swinging  electric  clock, 
which  will  indicate  the  time  by  means  of 
shafts  of  van-colored  lights.  There  will 
also  he  an  immense  electric  tower  which 
will  rise  80  feet  from  the  main  floor  and 
lose  itself  in  a  blaze  of  light  in  the  lofty 
dome  of  the  armory. 


POPULAR  ELECTRICITY  WIRELESS  CLUB. 

Membership  in  Popular  Electricity  Wireless  Club  is  made  up  of  readers  of  this  maga- 
zine who  have  constructed  or  are  operating  wireless  apparatus  or  systems.  Membership 
blanks  will  be  sent  upon  request.  This  department  of  the  magazine  is  devoted  to  the  in- 
terests of  the  Club  and  members  are  invited  to  assist  in  making  it  as  valuable  and 
interesting  as  possible,  by  sending  in  descriptions  and  photographs  of  their  equipments. 


WIRELESS     TYPEWRITING    AND    TYPOGRAPHY. 


The  principle  underlying  the  design  of 
all  wireless  telegraph  systems  has  been 
recently  extended  in  a  very  promising 
manner  to  the  operation  of  distant  mech- 
anisms. It  has  thus  been  possible  to 
demonstrate  the  practicability  of  long- 
distance steerage  of  balloons  and  vessels, 
launching  of  torpedoes  and  controlling 
of  all  sorts  of  mechanisms  connected  by 
no  material  link  with  the  operator. 

The  latest  development  in  that  field  is 
a  wireless  apparatus  adapted  to  the  op- 
eration of  typewriting  and  typesetting 
machines.  This  apparatus  which  has 
been  designed  by  Mr.  H.  Knudsen  (the 
inventor  of  an  ingenious  system  of  trans- 
mitting pictures  by  wireless  telegraphy) 
can  be  connected  to  and  worked  in  com- 
bination with  any  typewriting  or  linotype 
machine,  or  in  fact,  with  any  machine  of 
a  similar  construction.  By  means  of 
one  sending  apparatus,  it  allows  a  mes- 
sage to  be  received  simultaneously  on 
any  number  of  typewriting  or  typesetting 
machines,  situated  at  any  distance  from 
the  sender. 

One  or  more  steamships  having  a 
wireless  installation  on  board  may  by 
this  system  receive  the  electric  impulses 
sent  bv  a  central  transmitter,  any  num- 
ber of  receiving  machines  reproducing 
the  message,  typewritten  or  set  in  type. 
It  is  also  possible  so  to  tune  and 
arrange  the  machines,  that  no  foreign 
messages  or  signals  can  interfere  with, 
or  be  received  by  them. 

The  transmitting  and  receiving  ma- 
chines, as  represented  in  the  Figs,  i  and 
2  respectively,  are  practically  identical 
in  construction  and  in  their  simplest 
form  consist  of  the  following  parts :  The 
transmitting  typewriter  connected  with 
an  electric  motor  operating  two  pul- 
leys, over  which  an  endless  belt  with  two 
contacts  is  wound.  This  belt  travels  in 
a   constant   direction,   and  the   contacts, 


which  are  fastened  at  equal  distances  to 
*"ts  inside,  come  to  a  full  stop  at  each 
half  of  a  revolution,  in  fact,  every  time 
one  of  the  contacts  has  passed  over  the 
alphabetic  contacts  connected  to  the  lev- 
ers of  the  transmitting  typewriter. 

In  order  to  operate  the  machine,  the 
contacts  corresponding  to  each  letter  of 
the  message  are  raised  by  pressing  down 
the  levers  of  the  tra.nsm'tting  typewriter 


FIG.     1.     WIRELESS     TYPEWRITER    TRANS- 
MITTER. 


keyboard.  Those  contacts  then  remain 
in  a  raised  position  until  the  starting 
key  or  lever  has  been  pressed.  This 
lever  starts  the  belt  of  the  transmitting 
machine,  and  at  the  same  time  sends 
cut  an  electrical  impulse  which  is  re- 
ceived by  the  typewriter  installed  at  the 
remote  end,  thus  starting  this  typewriter. 
The  belts  of  the  transmitting  and  re- 
ceiving machines  accordingly  travel  at 
the  same  speed  over  their  respective  con- 
tacts. The  transmitting  machine  obvious- 
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ly  makes  contact  only  with  such  types 
as  have  been  previously  raised,  and  on 
touching  the  raised  pin  the  contact  on 
the  endless  metallic  belt,  depresses  this, 
thus  sending  an  electric  impulse  out  to 
the  receiving  station,  where  it  com- 
pletes a  circuit  through  a  coherer  and 
relay. 

The  metallic  contact  fixed  to  the  trav- 
eling belt  thus  completes  a  current 
through  a  magnet  located  above  the  cor- 
responding key  or  lever  of  a  typewriter 
or  linotype  machine,  actuating  the  lever 
in  exactly  the  same  manner  as  an  opera- 
tor would  do  when  handling  the  machine 
in  the   usual   way.      It   is  essential   that 


FIG.      2. 


WIRELESS       TYPEWRITER      RE- 
CEIVER. 


both  machines  and  metallic  belts  should 
come  to  a  full  stop  after  passing  over 
their  contacts,  being  held  in  this  position 
until  the  first  electric  spark  has  been  sent 
out  from  the  transmitting  machine. 

The  construction  of  Mr.  Knudson's 
machine,  while  very  simple,  is  of  ex- 
treme accuracy.  All  the  machines  are 
of  the  same  size  and  made  from  the 
same  patterns. 

As  any  number  of  typesetting  ma- 
chines may  be  operated  in  different  parts 
of  the  country  or  in  different  countries 
simultaneously,  all  reproducing  the  same 
message,  it  is  possible-  for  one  operator 
to  type  or  set  type  on  any  number  of 
receiving  machines  on  land  or  sea.  in 
fact,  wherever  anyone  of  these  receivers, 


tuned  to  the  transmitter,  may  be  installed 
in  connection  with  any  wireless  tele- 
graph systems. 

As  everybody  knows  of  what  enor- 
mous value  any  saving  of  time  is  to  a 
newspaper  proprietor,  it  will  be  readily 
understood  that  this  most  direct  and 
rapid  transmission  of  news,  directly 
from  the  sub-editor  or  correspondent  to 
a  number  of  typewriting  or  typesetting 
machines,  will  be  universally  appreciat- 
ed and  found  very  profitable  by  enter- 
prising publishers. 

When  this  ingenious  system  will  have 
come  into  general  use  and,  for  instance, 
have  been  adapted  to  a  trans-Atlantic 
station,  a  newspaper  correspondent,  com- 
fortably seated  in  London,  will  be  able 
to  set  type  in  the  New  York  printing 
room  at  the  very  moment  he  dictates  his 
message  to  his  typist.  It  is  hard  to  rea- 
lize what  a  revolution  this  system  which 
obviously  makes  the  newspaper  man  in- 
dependent of  space  and  time,  may  pro- 
duce in  journalistic  practice. 


WIRELESS    TELEGRAPHY    ON  THE  HIGH 
SEAS. 

The  fact  steamer  Yilano  has  for  a 
long  time  received  messages  from  the 
main  German  station  at  Nauen,  as  far 
off  as  the  island  of  Teneriffe.  The  lat- 
est German  record  has,  however,  just 
been  made  by  communication  between 
two  vessels  equipped  with  long-distance 
wireless  apparatus.  The  steamer  Frio. 
which  was  south  of  Cape  Finistere. 
exchanged  messages  with  the  steamers 
Roca  and  Arcona  at  the  remarkable  dis- 
tance of  925  to  1,000  English  miles.  The 
Roca  was  at  the  time  of  this  exchange  of 
messages  south  of  Lisbon,  Portugal. 
while  the  Arcona  was  in  the  North  Sea 
in  the  latitude  of  Scheveningen,  Holland. 

Conversation  between  the  two  vessels 
was  hardly  ended  when  the  North  Ger- 
man Lloyd  steamer  Grosser  Kurfurst. 
on  board  of  which  was  King  Frie-drich 
August  of  Saxony,  was  announced  by 
the  English  apparatus.  Both  vessels 
were  in  sight  of  each  other.  The  Grosser 
Kurfurst  vainly  endeavored  to  forward 
a  message  from  Scheveningen  or  some 
other  continental  port  to  the  King  of 
Saxony.     Failing  in   this,  the   Frio  was 
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spoken,  and  requested  to  send  the  mes- 
sage further.  The  Frio  took  the  mes- 
sage and  sent  it  without  further  loss 
of  time  to  the  wireless  station  of 
the  Holland  government  at  Schevenin- 
gen;  the  distance  being  1,440  kilometers 
or  895  English  miles.  Scheveningen  ac- 
cepted the  message,  and  remarked  that 
the  signals  from  the  Frio  were  un- 
usually legible.  The  Frio  took  advant- 
age of  the  opportunity  to  send  a  greeting 
to  the  King  of  Saxony  on  board  the 
Grosser  Kurfurst — which  message  the 
King  answered  the  next  day. 

The  majority  of  the  English  wireless 


stations  on  the  German  fast  steamers 
had  up  to  that  time  refused  to  communi- 
cate with  stations  working  with  other 
systems,  and  especially  with  those  hav- 
ing German  instruments.  The  "emerg- 
ency" created  by  the  presence  of  the 
King  on  board  the  Grosser  Kurfurst 
compelled  the  English  stations,  however, 
to  break  the  rule.  It  was  necessary  to 
call  in  the  assistance  of  the  stronger  and 
further-reaching  stations.  The  technical 
papers  remark  in  this  connection  that 
the  Frio  apparatus  is  a  small  and  com- 
paratively weak  one,  calling  for  only  two 
horse-power. 


AERIAL  SYSTEMS. 


ALFRED    P.    MORGAN 


Many  amateurs  are  under  the  erro- 
nous  impression  that  almost  anything  in 
the  shape  of  wires  run  up  into  the  air 
will  serve  for  an  aerial  and  consequently 
in  traveling  around  the  country  one  sees 
a   queer   assortment   of   wires,    such   as 


be  of  the  same  size  and  length  so  as  to 
permit  of  accurate  tuning.  If  the  own- 
er cannot  afford  stranded  phosphor 
bronze  wire,  copper  wire  not  smaller 
than  No.  16  B.  &  S.  gauge  is  best. 
Aluminum  wire  is  not  to  be  desired  for 
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FIG.    1.     MOST    COMMON    TYPES    OF   AERIALS. 


poultry    netting    and    sheet    iron,    above 
the  roofs  of  houses. 

In  fitting  up  a  station  the  aerial  should 
receive  first  attention.  The  wires  should 


other  than  experimental  purposes,  for  a 
short  time,  as  the  acid  fumes  in  the 
air  from  smoke,  etc.,  quickly  attack  and 
coat  it.     Connections  made  in  aluminum 
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wire  are  very  liable  to  become  badly 
oxidized  unless  great  care  is  exercised 
in  soldering  them. 

It  is  needless  to  say  that  an  aerial 
should  be  as  high  above  neighboring  ob- 
jects and  as  well   insulated  as  possible. 


tion  of  energy  when  the  transmitter  is 
in  operation. 

Fig.  i  shows  the  most  common  types 
of  aerials  in  use  and  the  proper  place 
for  connecting  the  leading-in  wires. 
(A),   (B)  and  (C)   are  horizontal  aeri- 


/- 

^7 

/3. 

LOOP  AERIAL 

FIG.   2.     LOOP  AERIAL. 


For  small  light  aerials,  strings  of  two 
or  three  glazed  porcelain  cleats  make 
excellent  insulators.  Large  heavy  aeri- 
als, where  the  strain  is  great,  require  a 
special  ebonite  or  composition  insulator. 


als  having  the  opposite  ends  at  the  same 
heighth.  (D),  (E),  (F)  and  (G)  are 
vertical  aerials  having  the  end  opposite 
the  leading-in  wires  the  highest. 

Fig.  2  shows  the  "loop"  type  of  aerial 


De  Forest. 


GENERATOR 
FIELD. 
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PHOHCS 

FIG.   3.     COMPLETE  SYSTEM  AS  WIRED  ON  THE    DE  FOREST  PRINCIPLE. 

Ropes  make  the  best  guys  for  holding  used   by   the   DeForest   and   Shoemaker 

a  pole  unless  the  wire  guys  are  properly  companies.      This  type  of  aerial  gives  an 

wrapped  with  iron  wire  so  as  to  produce  increased    signaling    range    and    permits 

a  choking  effect  and  prevent  the  absorp-  of   very    nice   timing.      In    towns   where 
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alternating  current  is  used  for  power 
and  lighting  purposes,  amateurs  are 
greatly  annoyed  by  a  humming  in  the 
telephone  receivers  due  to  the  induction 
of    neighboring   lines.      This    humming 


key  while  the  switch  is  in  position  for 
receiving.  Any  double  pole  knife  switch 
may  be  easily  adapted  to  this  type  by 
moving  the  contacts  (T  T)  forward  so 
that    they    come    beyond    the    insulating 
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FIG.   4,     CONNECTION  OF  TUNING  COIL  TO    AERIAL. 


may  be  almost  entirely  cut  out  by  using 
the  "loop''  aerial.  The  two  wires  must 
be  led  separately  into  the  operating 
room.  A  complete  circuit  of  a  ''loop" 
aerial  installation  as  wired  on  the 
DeForest  principle  is  shown   in   Fig.   3. 


FIG.  5. 

In  most  amateur  stations  an  induction 
coil  and  batteries  will  replace  the  trans- 
former  and  motor  generator. 

A  special  form  of  aerial  switch  as 
shown  in  perspective  in  Fig.  3  is  used  to 
prevent  damage  to  the  receptor  through 
an   accidental   touch  of  the  transmitter 


bar.  A  yoke  of  copper  or  brass  is 
fastened  on  the  insulating  bar  so  as  to 
touch  the  contacts  (TT)  and  complete 
the  primary  transmitting  circuit  when 
the  switch  is  down.  A  T-shape  piece  of 
hard  rubber  or  fibre  is  provided  with 
contacts  (R  R)  and  mounted  on  the 
base  so  that  the  knives  strike  the  con- 
tacts and  connect  the  aerial  to  the  re- 
ceptor when  the  switch  is  up. 

The  anchor  gap  is  a  small  hard  rub- 
ber or  fibre  ring  about  two  inches  in  di- 
ameter having  three  small  ^5 -inch  zinc 
or  brass  rods  around  the  circumference 
at  equal  distances  apart.  The  sparking 
distances  between  them  should  be  equal 
and  never  greater  than  1-16  of  an  inch. 

Either  one.  two  or  three  tuning  coils 
may  be  used  with  this  type  of  aerial. 
The  DeForest  system  usually  contains 
three.  These  are  mounted  in  a  case 
about  12  by  15  by  4  inches.  The  proper 
circuits  are  shown  in  Figs.  3  and  4.  The 
two  outside  tuning  coils  (A)  and  (C) 
have  each  two  contacts  arranged  900 
apart  to  prevent  interference  and  allow 
closer  adjustment.    Handles  of  hard  rub- 
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her  project  through  the  grooves  which 
are  shaped  as  in  Fig.  5  so  as  to  make 
room  for  the  finger  tips  and  permit  a  firm 
grip  to  be  had  without  the  handles  being 
made  to  project  too  far.  It  is  a  wise  plan 
to  mount  only  the  tuning  coils  in  the  case 
and  provide  it  with  binding  posts  so  that 
connections  may  be  made  to  the  proper 
condensers,  and  different  detectors  as 
carborundum,  silicon  or  the  electrolytic 
may  be  used.  The  condenser  (D) 
should  be  made  adjustable  if  good  re- 
sults are  desired.  The  wire-  commonly 
used  for  the  coils  is  No.  25  B  &  S  gauge 
enameled  or  cotton  covered.  Adjust- 
able condensers  are  sometimes  shunted 
across  binding  posts  (3)  and  (4)  and 
(6)  and  (7).- 

The  top  of  the  transmitting  helix  is 
connected  to  the  adjustable  electrode  of 
the  spark  gap  which  has  a  rubber  han- 
dle. 


AN  ADJUSTABLE  INTERRUPTER. 

The  interrupter  here  illustrated  has 
the  great  advantage  of  being  adjustable. 
'As  this  is  an  important  feature  the 
writer  undertook  the  designing  of  one 
with  the  following  result. 

After  selecting  the  jar,  which  is 
straight  sided,  six  inches  in  diameter, 
by  eight  inches  tall,  a  cover  is  cut  which 
overlaps  the  edges  Y^  of  an  inch  all 
around.  In  the  center  cut  a  hole  1% 
inches  in  diameter.  Then  procure  a 
glass  tube  of  one  inch  inside  diameter 
and  walls  %  inch  thick;  this  must  be 
six  inches  long.  One  end  must  be  flared 
by  heating  and  forcing  a  hardwood  stick 
into  the  opening ;  the  other  end  is  drawn 
out  to  a  point  Y  inch  long.  When  cold 
the  tip  is  broken  off,  leaving  a  hole  3/16 
inch  in  diameter.  This  hole  must  be 
smoothed  with  a  small  round  file  wet 
with  turpentine. 

The  glass  rod  (C)  is  of  }i  inch  stock, 
one  end  drawn  to  a  long  tapering  point, 
the  other  end  left  square.  A  brass  rod 
(D)  }i  inch  in  diameter  is  cut  three 
inches  long  and  threaded  for  two  inches. 
The  unthreaded  end  is  placed  against  the 
square  end  of  the  glass  rod  and  a  piece 
of  brass  J/2  inch  wide  and  long  enough 
to  be  bent  around  the  two  rods  and  the 
ends  fastened  with  a  small  bolt  (see 
cut).    A  great  deal  of  care  must  be  used 


in  this  joining,  so  that  the  resulting  rod 
is  perfectly  straight. 

The  brass  support  (E)  is  bent  to 
shape,  a  hole  drilled  and  tapped  for  the 
rod,  which  is  now  screwed  in.  A 
knurled  nut  is  permanently  fastened  to 
the  end  of  the  rod  and  the  bracket 
screwed  down  to  the  cover. 

Two  lead  plates  are  cut,  one  for  the 
large  jar  and  the  other  for  the  glass 
tube.  These  plates  are  the  electrodes 
and  are  connected  to  the  binding  posts 
mounted  on  top. 
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AN    ADJUSTABLE    INTERRUPTER. 

Partly  fill  the  jar  with  an  electrolyte 
of  water  10  parts,  and  sulphuric  acid 
one  part.  Connect  to  the  source  of  cur- 
rent and  screw  the  rod  into  the  opening. 
The  resulting  valve  motion  gives  the  de- 
sired adjustment. 

GRADY  B.   MEDEARIS. 


To  give  some  idea  of  the  extent  of 
the  incandescent  lamp  industry  in  this 
country  it  is  noted  that  during  the  year 
1007    a   single    electrical    manufacturing 

company  disposed  of  32,000,000  lamps, 
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WIRELESS  QUERIES. 

ANSWERED    BY  V.   H.   LAUGHTER. 


WIRELESS  FROM  AIR  SHIP. 

Questions. —  (A)  Can  a  wireless  system  be 
worked  without  being  connected  to  the 
ground  ?  I  am  going  to  build  a  flying  machine 
and  intend  to  send  messages  to  the  earth  while 
sailing.  (B)  Are  the  instruments  for  wire- 
less telephony  much  different  from  those  of 
wireless  telegraphy?  (C)  What  are  the  prin- 
ciples of  a  common  telephone? — E.  L.  R,  Fort 
Worth,  Tex. 

Answers. —  (A)  We  understand  that 
experiments  in  communicating  from  ba- 
loons,  etc.,  have  been  carried  out  with  a 
fair  degree  of  success.  The  common 
method  is  to  suspend  a  wire  from  the 
baloon  which  is  supposed  to  answer  as 
the  aerial  radiating  wire.  At  the  receiv- 
ing end  the  aerial  wire  picks  up  the  sig- 
nals and  conducts  to  the  receiving  in- 
struments. As  an  experiment  it  will  no 
doubt  be  interesting. 

(B)  In  wireless  telephony  it  is  neces- 
sary to  set  up  a  continuous  wave  cur- 
rent and  impress  thereon  the  inflections 
of  the  voice.  The  wave  is  changed  to 
this  period  and  picked  up  at  the  receiv- 
ing end  where  it  flows  through  a  suit- 
able detecting  device  and  is  translated 
into  spoken  words  in  the  telephone  re- 
ceiver. 

(C)  The  telephone  consists  of  the 
following  parts :  Signalling  arrange- 
ments, switch  hook  to  throw  from  sig- 
nalling to  talking  set,  transmitter  and 
receiver.  Of  the  above  the  transmitter 
and  receiver  are  the  essential  parts  and 
on  which  the  principals  of  the  telephone 
are  based.  For  a  simple  explanation  we 
can  take  the  transmitter  connected  in 
series  wTith  the  battery  and  the  telephone 
receiver.  The  transmitter  consists  of  a 
metal  cup  full  of  carbon  granules.  In 
the  front  of  the  cup  is  placed  a  metal 
electrode  resting  against  the  carbon 
granules  but  insulated  from  the  cup,  the 
electrode  being  fastened  to  a  diaphragm 
in  the  front. 

The  receiver  is  a  coil  of  small  magnet 
wire  placed  over  a  bar  magnet  near  the 
end  with  a  ferrotype  diaphragm  resting 
in  close  proximity  to  this  but  held  from 
the  magnet  by  means  of  the  receiver 
case. 

The  current   from  the  battery  circu- 


lates through  the  transmitter  and  the 
coil  of  wire  over  the  magnet.  When  the 
diaphragm  of  the  transmitter  is  spoken 
against  the  electrode  in  the  cup  takes 
up  the  vibration  and  gives  the  same  mo- 
tion to  the  mass  of  carbon  granules.  As 
the  current  flows  through  the  carbon 
granules,  and  this  mass  is  varied  in  its 
resistance  and  conductivity  by  the  vi- 
brations of  the  electrode,  the  current  is 
changed  to  the  same  proportion,  and  the 
fluctuations  of  this  current  therefore  cor- 
respond to  the  sound  fluctuations  of  the 
voice.  The  current  flows  through  the 
winding  of  wire  of  the  bar  magnet  and 
increases  and  decreases  the  magnetic  pull 
against  the  ferrotype  plate  in  proportion 
to  the  current,  thereby  resulting  in  a  vi- 
bration of  the  ferrotype  plate  which  cor- 
responds to  the  form  of  the  words  as 
spoken  at  the  transmitter.  The  telephones 
used  at  the  present  time  combine  several 
features  not  given  above  but  the  working 
theory  is  the  same. 

MAKE-AND-BREAK  INTERRUPTER. 

Question. — Please  give  drawing  showing 
how  to  make  a  make-and-break  interrupter.— 
J.  D.  M..  San  Francisco,  Cal. 

s 
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MAKE-AND-BREAK     INTERRUPTER. 

Answer. — See  diagram.  (C)  bell  con- 
tact screw  pillar  with  platinum  point 
(W).  Brass  spring  (H)  soldered  or 
screwed  at  lower  end  to  brass  base  upon 
which  is  soldered  terminal-  (R).  (S)  is 
a  soft  iron  cylinder  screwed  to  (H). 
Connections  are  shown. 


The  first  alarm  of  fire  by  an  electric 
telegraph  system  was  given  at  8  '.30  p.  m., 
April  29,  1852,  in  Boston. 


ELECTRICAL  MEN  OF  THE  TIMES, 

BERNARD  E.  SUNNY. 


Nearly  all  men  of  prominence  in  the 
electrical  industry  have  made  their  own 
way  from  the  bottom  of  the  ladder,  and 
not  a  few,  like  Edison,  began  as  tele- 
graph operators.  To  this  class  belongs 
Mr.  Bernard  E.  Sunny,  president  of  the 
Chicago  Telephone  Company,  who,  from 
a  position  at  a  telegrapher's  key  in 
Brooklyn,  has  made  himself,  by  native 
ability,  untiring  but 
intelligent  application 
and  very  unusual 
gifts  of  persuasion 
and  tact,  one  "of  the 
most  conspicuous 
electrical  men  of  af- 
fairs in  the  Central 
West  and  a  leader  in 
the  civic  advance- 
ment of  the  city  of 
Chicago  and  the  state 
of  Illinois. 

It  is  a  very  good 
test  of  a  man's  char- 
acter to  get  the  real 
opinions  of  those  who 
work  under  him  and 
are  closely  associated 
with  him  when  he  is 
in  undress,  as  it  were, 
in  the  rush  and  strain 
of  daily  life.  Mr. 
Sunny,  calm,  fair- 
minded,  considerate  in  all  emergencies, 
has  an  enthusiastic  admirer  and  eulogist 
in  every  man  who  ever  worked  for  him, 
and  only  a  just  man,  of  strength  and 
power  but  of  good  intent,  could  have 
made  the  impression  he  has  made  on  so 
many  other  men. 

Mr.  Sunny's  advancement  has  been 
rapid,  and  can  only  be  sketched  in  the 
barest  outline  on  this  page.  He  was  born 
in  Brooklyn  in  1856,  and  after  attend- 
ing the  public  schools  in  that  city,  be- 
came an  operator  for  the  Atlantic  and 
Pacific  Telegraph  Co.  In  1875,  when 
hardly  more  than  a  boy,  he  came  to  Chi- 
cago as  manager  for  the  company 
named.  Three  years  later  he  was  mar- 
ried to  Ellen  Clifton  Rhue,  of  Brook- 
lyn, and  the  same  year  he  became  super- 
intendent of  the  Bell  Telephone  Company 


of  Chicago.  In  1882  he  was  made  su- 
perintendent of  the  Chicago  Telephone 
Company,  a  consolidation  of  the  Bell 
and  Western  Union  telephone  interests 
in  Chicago.  Twenty-six  years  later  he 
returned  to  the  company,  grown  might- 
ily in  the  meantime,  as  its  president.  In 
the  interval  he  became  prominent  in  the 
electric  light  and  power  industry.  He 
was  president  of  the 
Chicago  Arc  Light 
and  Power  Company 
in  1888,  and  the  year 
following  found  him 
western  manager  for 
the  Thompson-Hous- 
ton Electric  Com- 
pany. The  General 
Electric  Company 
succeeded  this  com- 
pany in  1892,  and 
Mr.  Sunny  was  made 
western  manager  of 
this  also,  with  a  terri- 
tory, embracing  thir- 
teen states.  In  1907 
the  great  value  of  his 
services  was  recog- 
nized by  his  promo- 
tion to  the  vice-presi- 
dency of  the  General 
Electric  Company,  of 
which  he  is  still  one 
of  the  directors.  Last  year  he  became 
vice-president  of  the  American  Tele- 
phone and  Telegraph  Company  and 
very  soon  after  president  of  the  Chicago 
Telephone  Company. 

Mr.  Sunny  is  president  of  the  board 
of  trustees  of  the  Illinois  Eastern  Hos- 
pital for  the  Insane  at  Kankakee,  the 
largest  institution  of  its  kind  in  the 
world.  He  is  president  of  the  G rover 
Cleveland  Memorial  Association.  Un- 
der his  supervision,  when  president  of 
the  Civic  Federation  in  1902.  an  amend- 
ment to  the  state  constitution  was 
adopted,  after  a  strenuous  campaign,  by 
which  the  "justice  shops"  of  Ch 
were  abolished.  This  was  a  great  ad- 
vance. Mr.  Sunny  has  held  many  other 
public  positions. 
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THE  WONDERS  OF  "ELECTRIC  SHOP." 


Electricity  in  the  home  makes  for  lux- 
ury, convenience  or  practical  utility,  ac- 
cording to  one's  taste  and  purse.  All 
three  of  these  characteristics  are  exempli- 
fied in  a  very  striking  degree  in  the  new 
"Electric  Shop"'  in  Chicago,  which  has 
been  opened  at  the  corner  of  Michigan 
and  Jackson  boulevards  to  demonstrate 
the  beauty  and  variety  and  usefulness  of 
applications  of  electricity  in  the  house- 
hold. 


tasteful  elegance,  one  must  see  it.     There 
is  nothing  else  like  it  anywhere. 

Located  in  the  imposing  Railway  Ex- 
change building  on  the  corner  where  the 
Xorth,  South  and  West  Side  boulevards 
meet,  or  will  meet,  the  Shop  could  not 
have  been  better  placed.  Its  principal 
feature  is  a  large,  imposing  apartment  on 
the  corner,  on  the  ground  floor,  architec- 
turally treated  as  one  room,  but  divided 
by  a  richly  carved  screen  into  two  sec- 
tions.     There   are   two    street   entrances 


'ELECTRIC   SHOP"   IS  A  GLARE   OF  LIGHT. 


The  Shop  has  been  fitted  up  in  the 
most  beautiful  and  lavish  manner  by  the 
Commonwealth  Edison  Company  and  it 
is  rapidly  becoming  one  of  the  show  plac- 
es of  Chicago — a  really  sumptuous  dem- 
onstration of  the  wonders  of  electricity  as 
applied  to  make  life  better  worth  living 
in  the  home.  The  illustrations  give  some 
idea  of  it,  but  to  appreciate  fully  its  rich, 


into  the  Shop,  one  from  each  street,  and 
it  has  seven  show  windows.  Some  750 
tungsten  Tamps  arranged  in  a  line  run- 
ning entirely  around  the  street  fronts  of 
the  building,  just  above  the  second  story, 
make  the  structure  conspicuous  and  also 
make  the  sidewalks  beneath  almost  "as 
light  as  day"  at  night,  for  the  Shop  is 
open  in  the  evening. 
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MAIN  ROOM  IN  "ELECTRIC  SHOP' 
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The  display  windows  themselves  merit 
an  extended  description,  did  space  per-. 
mit.  They  show  some  of  the  beautiful 
and  useful  objects  to  be  seen  within  and 
are  lighted  by  tungsten  lamps  with 
Holophane  shades  placed  in  the  ceilings 
of  the  windows  and  arranged  between 
screens  of  art  glass  so  as  not  to  be  them- 
selves visible.  There  are  handsome,  cur- 
tains especially  designed,  with  lace  bor- 
ders matching  the  style  of  the  room. 
Each  window  bears  the  crest  of  Electric 
Shop  in  colors. 

The  main  entrance  is  on  Jackson 
boulevard  and  leads  into  the  reception 
room,  as  the  southern  part  of  the  main 


CORNER  BY  THE  "ELECTRIC  WOOD  WIRE". 

room  is  called.  The  general  effect  of  the 
decorations  is  as  though  one  stepped  into 
a  fine  old  room  in  a  mansion.  The  archi- 
tectural treatment,  carefully  and  well 
worked  out,  is  Elizabethan,  with  richly 
carved  wainscot  and  beamed  ceiling.  The 
woodwork  is  oak  in  antique  gray  finish, 
and  the  panels  of  the  wainscot  are  richly 
carved.  These  panels  are  also  doors,  be- 
hind which  are  concealed  shelves  for 
goods,  or,  in  one  case,  a  beautifully  fin- 
ished switchboard,  from  winch  the  vari- 


ous electric  circuits  are  governed  on  the 
''remote-control"  principle. 

Above  the  wainscot  is  a  frieze  of  rich 
art  glass  running  entirely  around  the 
room  and  made  up  of  panels  representing 
the  old  coats-of-arms  in  use  in  early  Eng- 
lish times.  Behind  the  frieze  are  placed 
electric  lights  carefully  planned  to  bring 
out  the  deep,  warm  colors  of  the  designs 
in  the  glass  to  best  advantage.  When 
these  are  turned  on  there  is  a  luminous 
band,  softly  but  richly  colored,  running 
entirely  around  the  room. 

The  floor  is  of  interlocking  rubber  tile, 
dark  green  in  color,  while  the  beams  of 
the  ceiling  are  richly  decorated  with  gold 
and  the  strong  primary  colors.  The  ceil- 
ing between  the  beams  is  treated  in  a 
deep  old  gold.  Large  and  handsome 
Oriental  rugs  are  scattered  about"" the 
floor,  and  the  furniture  is  of  .carygd  oak, 
especially  designed  for  the  Shop  in  the 
Elizabethan  style  and  in  finish  the  same 
as  the  wainscot  walls.  There  is  an  im- 
posing fireplace  of  white  Bedford  stone 
richly  carved  in  the  same  style  as  the 
wainscot.  In  it,  supported  by  andirons 
especially  designed,  a  wood  fire  is  burn- 
ing— apparently.  But  this  is  an  electric 
wood  fire  imported  from  Germany :  it  is 
a  remarkably  clever  imitation,  without 
dirt  or  ashes,  and  is  greatly  admired. 

Besides  the  frieze  lighting  there  are 
ceiling  and  wall  fixtures  for  general  il- 
lumination. They  are  notably  handsome. 
Further,  the  portable  and  floor  lamps  dis- 
played for  sale,  and  which  are  such  a 
conspicuous  feature  of  the  reception 
room,  are  all  arranged  to  be  "connected," 
so  that  they  also  may  furnish  light.  These 
lamps  are  many  of  them  very  beautiful — 
real  works  of  art.  Various  styles  and 
periods  are  shown,  as  Viking,  Greek,  Ro- 
man, Renaissance,  Louis  XVI.,  Colonial, 
Modern  Floral,  and  many  others.  In  the 
reception  room  are  also  shown,  on  tables, 
a  variety  of  highly  finished  utensils  for 
dainty  electric  cooking,  as  chafing  dishes, 
coffee  percolators,  tea  kettles  and  the 
like,  in  silver,  copper,  bronze  or  nickel. 
Many  have  handles  of  ebony  or  other 
rare  woods. 

The  sales  room  is  the  northern  portion 
of  the  large  room.  It  has  a  direct  en- 
trance from  Michigan  boulevard.  Here 
are  the  cashier's  desk  and  show-cases 
containing     many     electrical     novelties. 
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Among  these  articles  are  vibrators,  fancy 
silk  shades,  flashlights  for  the  pocket,  va- 
rious kinds  of  sockets,  adapters  for  can- 
dlesticks, gas  or  oil  lamps,  electric  heat- 
ing pads,  hair  dryers,  curling  irons,  cigar 
lighters  and  numerous  small  specialties. 
Here  also  are  to  be  found  vacuum  clean- 
ing outfits,  luminous  and  non-luminous 
heaters,  electric  stoves  and  all  kinds  of 
electric  heating  and  cooking  utensils  as 
well  as  the  less  expensive  portable  elec- 
tric lamps.  In  one  wall-case  are  samples 
of  the  beautiful  Quezal  iridescent  shades 
for  lights  and  more  silk  shades  in  lovely 
colors. 

Extending    westward    from    the    sales 


This  room  illustrates  four  distinct 
methods  of  lighting — cover  or  trough 
lighting,  side  lighting,  direct  lighting 
from  a  central  fixture  suspended  over  the 
table,  and  indirect  or  "eye-comfort" 
lighting  in  which  light  from  lamps  con- 
cealed in  fixtures  suspended  from  the 
ceiling  is  first  thrown  on  the  ceiling  and 
thus  reflected  throughout  the  room.  The 
serving  tables  are  connected  most  in- 
geniously for  electric  cooking  conve- 
niences and  there  is  an  electric  "wood 
fire"  in  the  fireplace. 

Adjoining  the  dining  room  on  the 
south  are  the  kitchen  and  pantry  and  be- 
yond the  latter  is  a  lavatory  for  women. 
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LAUNDRY    IN    "ELECTRIC    SHOP" 


room,  and  with  an  entrance  also'  from  the 
lobby  of  the  building,  is  the  dining  room 
of  Electric  Shop.  This  is  designed  in  the 
style  of  the  early  English  Renaissance, 
with  wainscot  of  fumed  oak  and  a  vault- 
ed ceiling  ornamented  in  low-relief  pan- 
els treated  in  gold  and  colors.  The  fire- 
place is  of  old  English  tile,  and  there  are 
a  sideboard  and  two  serving  tables  as 
well  as  the  dining  table  and  chairs.  The 
hangings  are  of  silk  brocade  after  a  de- 
sign of  the  period  which  the  room  repre- 
sents. 


The  kitchen  is  designed  to  be  a  model 
one  in  every  respect.  All  the  fittings  are 
of  the  most  up-to-date  character,  nickel- 
plated  or  white-enameled  where  possible. 
The  porcelain  sink  is  said  to  be  the  finest 
in  Chicago.  There  is  an  electric  cooking 
range  with  a  metal  hood  and  provided 
with  an  oven,  a  grid,  a  frying  pan,  coffee 
percolator,  cereal  cookers,  broiler  and 
tea-kettle.  A  big  white  electric  refriger- 
ator, an  electric  dish-washing  machine 
with  a  glass  front  and  a  kitchen  table 
where   all   sorts    of   practical    demonstra- 
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tions  are  carried  out,  complete  the  equip- 
ment of  this  interesting  room. 

In  the  pantry  are  a  German-silver  sink 
and  a  china  closet.  Here  are  an  "instan- 
taneous" electric  water  heater  and  an 
electric  food  warmer.  The  hangings  at 
the  doors  in  the  kitchen  and  pantry7, 
which  are  finished  alike  in  maple,  are  of 
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A    CORNER    IN    THE    ELECTRIC    KITCHEN. 

quaint  design  in  white  and  yellow  which 
recalls  the  work  on  the  old  English 
samplers. 

A  private  automatic  electric  elevator, 
very  handsomely  finished,  is  used  to  con- 
vey visitors  to  the  basement.  It  is  of  the 
type  designed  for  household  use,  in 
which  no  operator  is  required.  All  that 
is  necessary  is  to  press  the  proper  button, 
either  in  the  car  or  at  the  entrance  to  it, 
and  if  the  coast  is  clear  and  all  is  safe, 
the  machine  does  the  rest.  The  elevator 
will  not  operate  if  any  door  leading  to  the 
shaft  is  open.  It  meets  with  the  un- 
bounded approval  of  visitors. 

In  the  basement  are  to  be  found  the 
many  ingenious  labor-saving  devices  by 
which  electric  power  is  nowadays  dis- 
placing manual  labor  in  the  home,  to  the 
great  relief  of  the  women  of  the  house- 
hold. The  elevator,  for  instance,  saves 
stair  climbing.  There  are  electrically  driv- 


en sewing  machines,  coffee  grinders, 
knife  sharpeners  and  buffers  for  cleaning 
silver.  One  ingenious  outfit,  mounted  on 
a  circular  table,  consists  of  an  egg  beater, 
a  small  churn,  a  fruit- juice  extractor,  an 
ice-cream  freezer,  a  meat  chopper,  a  cake 
stirrer,  a  coffee  grinder  and  a  potato 
peeler.  Surrounded  by  these  little  ma- 
chines is  one  central  electric  motor,  so 
arranged  that  it  may  be  connected  to  any 
one  of  them  and  provided  with  two 
speeds. 

All  the  laundry  appliances  are  shown 
here — several  washing  machines,  a  cen- 
trifugal extractor  to  separate  the  water 


ONE  MOTOR   OPERATES   EIGHT   UTENSILS. 

from  the  clothes  and  so  dry  them,  an 
electrically  heated  and  turned  mangle, 
the  indispensable  electric  flatiron  and 
ironing-table  fixtures.  There  is  also  an 
electric  water  heater  for  the  laundry.  A 
very  complete  demonstration  is  also  made 
of  the  system  of  cleaning  houses  and 
buildings  by  the  vacuum  process  which  is 
now  attracting  so  much  attention. 

A  "mercury  arc  rectifier"  shows  how 
electricity  in  the  form  of  alternating  cur- 
rent can  be  changed  or  "rectified"  so  as 
to  be  suitable  to  charge  the  storage  bat- 
teries for  the  electric  automobile  in  the 
garage.  A  "low-voltage  transformer" 
demonstrates  how  bells  may  be  rung  by 
electricity  supplied  by  the  ordinary  elec- 
tric-lighting circuits  in  the  house,  if  of 
the  alternating  current  kind,  doing  away 
with  batteries.  The  ammonia  plant  for 
operating  the  refrigerator  in  the  kitchen 
is  in  the  basement  and  is  shown  in  opera- 
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tion.     There  is  also  an  electric  machine 
for  making  ice  for  table  use. 

In  another  basement  room  are  dis- 
played fixtures  of  all  kinds  for  electric 
lighting.  Here  also  is  a  demonstration 
of  color  effects  under  various  forms  of 
light.  The  inside  working  of  the  cus- 
tomer's electric  meter  is  made  clear  in 
this  room  by  a  working  demonstration.  „ 
Indeed,  it  is  characteristic  of  Electric 
Shop  that  everything  is  or  can  be  shown 
in  operation.  By  this  means  the  display 
is  not  only  of  great  interest  as  an  exhibi- 
tion but  is  of  real  educational  value,  for 
it  is  open  every  secular  day  and  visitors 
are  made  welcome. 


ment  to  a  line  of  unusually  attractive 
utensils,  some  examples  of  which  are 
here  illustrated.  This  heating  element 
consists  in  reality  of  a  little  flat  top  disk, 


NEW  DEVELOPMENT  IN  COOKING  UTEN- 
SILS. 

Almost  every  day  something  new  in 
the  line  "of  electric  cooking  devices  is 
brought  out.  Higher  efficiency  is  being 
sought  continually  in  order  to  reduce  the 
cost    of    electric   current    for    household 


SOMETHING   NEW   IN    TEA    KETTLES 

purposes  and  hasten  the  approach  of  the 
era  of  fireless,  smokeless  cooking. 
Among  recent  developments  is  the  ap- 
plication of  a  new  type  of  heating  ele- 


ARTISTIC    COFFEE    PERCOLATER. 

or  stove,  which,  by  means  of  a  special 
clamping  device,  similar  to  the  cover  of 
a  fruit  jar,  is  held  firmly  up  against  the 
bottom  of  the  vessel  to  be  heated.  The 
only  part  of  the  heating  element  exposed 
to  view  is  the  projection  which  carries 
the  terminals  for  attachment  to  the  plug 
and  cord,  but  the  arrangement  is  such 
that  the  parts  may  be  removed  and 
washed. 

The  disk  of  the  heating  element  is 
made  of  a  special  metal  alloy  which  con- 
ducts heat  very  readily,  and  which  will 
not  rust.  The  resistance  ribbons  of 
metal,  which  arc  connected  to  the  elec- 
tric circuit,  are  situated  very  close  to  the 
under  side  of  the  disk,  and  as  the  cur- 
rent flows  through  them  they  are  heated 
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so  quickly  that  in  five  seconds  the  hand 
cannot  be  held  to  the  disk.  Beneath  the 
ribbons  is  a  dead  air  space  which  effect- 
ually prevents  radiation,  so  that  all  the 
heat  generated  by  the  current,  for  which 
you  are  paying  out  your  money,  goes 
into  the  materials  which  are  being 
cooked.     None  is  radiated  out  into  the 


CHAFING      DISH      WITH      NEW      TYPE 
HEATER 


OF 


room  as  a  waste  and  as  an  actual  dis- 
comfort during  warm  weather. 

The  chafing  dish  shown  in  one  of  the 
pictures  is  equipped  with  one  of  these 
heaters,  having  two  sets  of  terminals  as 
shown,  giving  two  different  heats.  This 
heating  element  is  known  as  a  500  watt 
unit ;  that  is,  it  consumes  current  equal 
to  that  required  for  ten  ordinary  incan- 
descent lamps.  At  ordinary  rates  for 
current  this  would  not  mean  over  five 
cents  an  hour  for  operation  at  full  heat. 
With  "this  device  many  appetizing  dishes 
may  be  cooked  which  will  constitute  the 
principle  item  on  the  bill  of  fare  and  a 
substantial  meal  may  be  prepared  at  the 
cost  of  but  a  few  cents  for  heat. 


THE  RADIANT  TOASTER. 

The  proper  making  of  toast  involves 
the  conversion  of  the  starch  in  the  bread 
into  dextrine  in  the  toast.  In  order  to 
do  this  most  thoroughly  the  heat  should 
be  given  time  to  penetrate  to  the  center 
of  the  slice  before  the  outside  has  begun 
to  change  color.  This  ideal  condition  is 
most  nearly  realized  when  bread  is  toast- 
ed entirely  by  radiant  heat.  By  subject- 
ing bread  to  the  heated  air  currents  of  a 
stove  top  it  is  quickly  browned  on  the 
surface   and    easily   burned.      Thus    the 


necessary  chemical  changes  are  not  per- 
mitted to  take  place.  Toast  that  is 
clammy  in  the  middle  and  blackened  on 
the  outside  is  less  nutritious  than  un- 
toasted  bread,  and  much  harder  to  di- 
gest^ 

With  the  Radiant  toaster  browning  is 
evenly  distributed  over  the  entire  sur- 
face of  both  sides  of  the  bread  by  means 
of  radiant  heat  in  about  three  and  one- 
half  minutes  from  the  time  current  is 
turned  on.  Subsequent  toastings  may 
be  made  in  three  minutes  or  less. 

The  toaster  comprises  a  solid  porce- 
lain base  upon  which  is  mounted  a  nickel 
wire  grid  inclosing  a  radiant  heating 
element.  This  heating  element  consists 
of  little  vertical  coils  of  resistance  wire 
which  become  red  hot  almost  the  instant 


THE   RADIANT  TOASTER,     f- 

the  current  is  turned  on.  The  slices  of 
bread  are  then  placed  in  the  grid  with 
their  surfaces  almost  in  contact  with  the 
heating  element  and  are  promptly  toast- 
ed entirely  through  and  given  a  delicate 
brown  on  the  outside. 

Four  slices  may  be  toasted  at  one 
time,  two  on  each  side.  The  device  may 
be  used  on  the  breakfast  table  as  rubber 
feet  are  provided  for  the  base  "which 
prevent  injury  to  the  table  top.  The 
two  terminals  at  the  end  of  the  base  en- 
ter a  plug  attached  to  the  insulated  wires 
which  reach  to  the  nearest  lamp  socket. 
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HOW    TO    MAKE  AN    ELECTRIC    ALARM 
CLOCK. 

There  are  many  kinds  of  mechanical 
alarm  clocks,  but  here  is  an  electrical 
one  that  anyone  can  make.  All  the  ma- 
tcrfals  needed  are  two  dry  batteries, 
about  20  feet  of  bell  wire,  a  switch  and 
some  common  pins. 

Fasten  one  end  of  a  wire  to  the  works 
of  the  clock  so  as  not  to  interfere  with 
its  mechanism.  (See  diagram.)  Stick 
pins    into    the    face    about    where    every 
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ELECTRIC    ALARM    CLOCK. 

hour  is  marked  and  fasten  all  of  these 
to  the  end  of  another  wire. 

Wind  around  the  hour  hand  a  very 
fine  uninsulated  wire,  so  that  one  end 
will  project  far  enough  to  strike  the 
pins,  and  the  other  end  will  make  a 
connection  with  the  wire  attached  to  the 
works. 

Fasten    the    other    end    of    the    wire, 


which  is  attached  to  the  pin,  to  the  bell 
and  then  to  the  batteries. 

The  other  wire,  which  is  attached  to 
the  works,  fasten  to  the  switch  and  next 
to  the  batteries. 

When  the  wire  on  the  hour  hand 
comes  in  contact  with  the  pin  to  which 
the  wire  is  attached  a  contact  will  have 
been  made,  and  the  bell  will  ring  until 
the  wire  has  passed  by  the  pin  or  the 
switch  is  turned  off. 


TELEPHONING  UNDER  WATER. 

A  Belgian  named  Debbaudt  is  report- 
ed from  Antwerp  to  have  introduced 
successfully  a  new  system  of  telephonic 
communication  between  a  diver  at  the 
bottom  of  the  harbor  and  his  mates  in 
the  boat  or  on  land.  The  diving  cos- 
tume which  he  wears  differs  but  little  in 
outward  appearance  from  the  usual  type. 
but  in  the  helmet  there  is  a  telephone 
transmitter  and  receiver,  in  communica- 
tion with  the  usual  apparatus  employed 
in  telephony,  above  the  water,  by  means 
of  a  wire  passing  through  the  air-supply 
tube.  A  Holland  journalist  on  land  was 
able  to  carry  on  conversation  with  a 
diver  so  equipped,  without  the  slightest 
inconvenience  resulting  from  indistinct- 
ness. The  great  advantage  of  this  in- 
vention is  that  in  future  the  diver  who 
has  any  communication  to  make  to  those 
above  will  not  either  be  limited  to  a  code 
consisting  o\  a  few  jerks  of  the  lite-line, 
or  have  to  ascend  to  the  surface  every 
time  he  has  anything  to  say.  Those 
above  will  be  able  to  communicate  their 
directions  to  the  workers  on  the  bottom 
with  accuracy  and  dispatch.  Of  course 
the  saving  y^\  time  will  be  an  important 
feature,  but  safety  to  the  diver  is  the 
first    point    to    he    considered. 


BY  PAUL  H.  WOODRUFF. 


Dan  Gilmore  stood  in  front  of  the  of- 
fice of  the  Marengo  Telephone  Company 
and  looked  himself  over.  His  glance 
had  travelled  from  a  pair  of  dilapidated 
shoes  to  the  very  baggy  knees  of  his 
trousers,  when  he  decided  that  further 
inspection  would  probably  weaken  his 
self-confidence,  and  so  spoil  his  appeal 
for  a  job.  He  hastily  entered  the  tele- 
phone office. 

"Please  tell  the  manager  that  Mr.  Gil- 
more  would  like  to  see  him,"  he  said 
boldly  to  the  only  person  in  sight. 

"About  what?"  queried  the  young 
lady,  coldly. 

"Why — er — work!"  he  announced, 
rather  less  confidently. 

"Second  door  to  the  right."  She  was 
already  at  work  on  the  books  again,  and 
Gilmore  passed  through  the  door  he 
thought  she  had  indicated. 

The  second  door  to  the  right  was 
closed.  He  opened  it  slightly,  with  the 
caution  of  a  man  not  sure  he  is  right, 
and  glanced  in.  Seated  about  a  long 
table  were  five  or  six  men,  listening  to 
another  who  stood  at  the  head  of  the 
table,  and  spoke  in  rapid,  vehement 
tones. 

"In  other  words,  gentlemen,"  he  was 
saying,  "twenty-five  thousand  dollars' 
worth  of  stock  must  be  sold  if  we  are  to 
continue  in  business.  The  eastern  mar- 
ket is  flat — dead.  And  if  that  amount  is 
thrown  on  the  local  market  you  know 
the  result.     The  situation  is  critical." 

Gilmore  softly  closed  the  door  and  tip- 
toed away. 

"Wrong  door;  directors'  meeting,"  he 
muttered.  "No  place  to  look  for  a  line- 
man's job,  though,  that's  plain." 

He  walked  out  of  the  building  and 
surveyed  it  with  some  interest.  Then  he 
strolled  along  the  main  business  street 
to  the  western  edge  of  the  town.    As  far 


as  he  could  see  was  the  desert ;  and  over- 
head, glistening  brightly  in  the  sun, 
stretched  four  taut  copper  wires,  whose 
supporting  poles  vanished  at  the  horizon. 
Gilmore  eyed  the  construction  with  ap- 
proval. 

"That's  the  long  distance  line  to 
Reno,"  he  commented.  "A  valuable 
property,  or  I'm  no  judge  of  telephone 
work.  And  the  company  owning  it  is 
up  in  the  air !'" 

The  best  street  corner  in  town  was  oc- 
cupied by  an  assay  office.  Over  it  a  gold- 
lettered  window  indicated  the  place  of 
business  of  the  Transplanetary  Space 
Telephone  Company;  visitors  welcome. 

Gilmore  stared  at  this  inscription  for 
fully  a  minute.  Then  he  started  up  the 
stairs.  As  his  eyes  attained  the  level  of 
the  second  floor  his  glance,  directed 
through  an  open  door,  fell  upon  a  large 
man  seated  at  a  splendid  mahogany 
desk.  The  large  man  was  smoking  a 
large  cigar  and  gazing  into  vacancy ;  and 
his  thoughts  were  pleasant,  judging  by 
the  smile  which  flickered  across  his  not 
too  refined  features.  Gilmore  stopped 
abruptly,  ducked  his  head,  and  for  the 
second  time  crept  noiselessly  out  again 
into  the  street. 

"Whew!"  he  whispered.  "Old  Colonel 
Powers !  Good  thing  I  saw  him  first.  I 
don't  want  to  meet  him;  that  is,  until  I 
find  out  what  his  game  is." 

He  put  his  hand  in  his  pocket  and  sur- 
veyed what  came  forth  with  interest. 

"Two  dollars  and  seventy  cents,"  he 
announced  to  himself.  "Good  chance 
for  another  bankruptcy  soon." 

He  entered  the  Palace  Hotel  and 
walked  to  a  public  telephone  booth. 
There  he  consulted  the  directory,  called 
a  number  and  dropped  a  five-cent  piece 
in  the  slot  with  something  of  a  grimace. 

"Hello!"  he  called  presently.    "Is  this 


POPULAR     ELECTRICITY 


789 


the  office  of  the  Transplanetary  Space 
Telephone  Company?  I  am  considering 
an  investment,  but  want  some  informa- 
tion before  taking  time  to  call  on  you. 
You  have  a  wireless  system,  I  presume  ?" 

"We  have  the  only  wireless  system, 
my  friend,"  came  the  reply,  in  a  power- 
ful voice  fairly  bubbling  with  enthusi- 
asm. "A  system  that  will  revolutionize 
all  existing  methods  of  communication ; 
a  system  that — " 

"Can  you  demonstrate?"  cut  in  Gil- 
more. 

"Our  system  is  open  to  you  at  any 
time  you  care  to  make  an  investigation. 
Our  experimental  receiving  station  is  at 
Reno,  and  any  party  you  name  at  that 
point  will  be  put  in  connection  with  you. 
When  do  you  desire  a  trial,  Mr. — er — " 

"This  afternoon  at  three.  Goodby," 
said  Gilmore  shortly. 

Another  call  and  another  five  cents 
gave  him  connection  with  the  offices  of 
the  Marengo  Telephone  Company. 

"What  can  you  tell  me  about  the 
Transplanetary  Space  Telephone  Com- 
pany?" he  asked. 

"Absolutely  nothing,"  was  the  some- 
what crisp  response.  "We  are  an  oper- 
ating company,  with  actual  business  to 
handle,  and  have  no  time  to  investigate 
promoters'  schemes." 

"But,"  protested  Gilmore,  "they  claim 
wireless  connections  with  Reno." 

"Perhaps  they  have  such  connections." 

"I  believe,"  went  on  the  inquisitive 
Gilmore,  "that  you  have  the  only  two 
lines  to  Reno,  about  two  hundred  miles. 
Do  the  Transplanetary  people  ever  use 
those  lines?" 

"They  never  have  and  never  will,  sir ! 
Good-day!"  The  receiver  clicked,  and 
Gilmore  replaced  it  on  its  hook. 

"Perhaps,"  he  murmured,  "you  would 
profit  by  taking  a  little  time  to  investi- 
gate promoters'  schemes,  especially  when 
the  particular  promoter  is  Colonel  Ever- 
ard  Powers.  I  wonder  if  his  offer  of  a 
connection  to  Reno  is  a  bluff?" 

For  a  while  he  pondered  the  idea  of 
calling  on  the  Colonel  in  disguise,  and 
putting  his  offer  to  the  test.  But  an- 
other inspection  of  his  pocket  rather 
discouraged  the  thought. 

"Two-sixty  now,"  he  mused;  "I'll 
have  to  get  busy  if  fin  going  to  eat  to- 
morrow." 


A  luncheon  reduced  his  hoard  to  two 
dollars  and  forty  cents;  but  during  its 
consumption  he  decided  on  his  course. 
A  few  minutes  later  he  was  slowly  fol- 
lowing the  line  of  poles  of  the  Reno 
leads  out  into  the  desert. 

"Lightning  arrester  and  ground  wire 
on  every  pole,"  he  commented.  He  had 
carefully  inspected  eleven  poles,  without 
pausing,  when  a  bright,  silvery  spot  on 
one  of  the  wires  overhead  caught  his 
eye. 

"Newly  soldered  connection,"  he  mut- 
tered; "may  be  suspicious — may  not." 

He  stared  at  the  spot  for  a  minute, 
then  suddenly  squatted  at  the  base  of  the 
pole  and  closely  examined  the  ground 
wire  where  it  was  connected  to  the 
ground  rod.  Something  about  the  latter 
looked  queer  to  him  and  as  he  tapped  it 
with  his  knife,  instead  of  the  chink  of 
metal  it  gave  forth  a  dead,  wooden  sort 
of  sound.  He  seized  the  ground  wire 
and  pulled  vigorously.  Another  pull, 
and  the  cap  came  off  the  ground  rod 
suddenly,  revealing  a  pipe  through  which 
the  wire  continued  down  into  the  earth. 
Both  the  pipe  and  its  cap  were  made, 
not  of  iron  or  copper,  but  of  black  fiber. 

Gilmore  was  beginning  to  get  inter- 
ested. A  ground  rod  made  of  insulating 
material  seemed  peculiar,  to  say  the 
least.  He  stooped,  and  with  a  powerful 
effort  drew  it  up  out  of  the  sand,  rather 
to  his  own  surprise.  It  was  barely  two 
feet  long. 

"H'm!"  he  panted.  "I  think  there  is 
a  treasure  chest  buried  here,  waiting  for 
me !" 

Using  his  hands  and  the  bit  of  fiber 
tube,  he  began  digging.  The  loose, 
parched  dust  of  the  desert  got  in  his  eyes 
and  nose,  and  ran  back  into  the  hole 
nearly  as  fast  as  he  removed  it,  but  in 
half  an  hour  he  felt  something  hard  be- 
neath his  fingers.  A  few  minutes  later 
he  opened  a  stout  oak  box  about  a  foot 
square,  and  roughly  tore  from  its  inside 
two  large,  ironclad  coils  of  insulated 
wire.  Their  removal  revealed  the  end 
of  an  iron  pipe  that  projected  into  the 
box  from  the  side  toward  town.  From 
the  pipe  protruded  two  wires. 

"There's  another  of  these  machines 
about  twelve  poles  out  of  Reno ;  but  T 
think  this  one  will  settle  the  Colonel."  he 
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said,  as  he  triumphantly  surveyed  the 
dismantled  apparatus. 

He  walked  back  to  town  with  the  con- 
fiscated coils,  and  hunted  up  the  office  of 
the  Marengo  Mercury.  The  evening  edi- 
tion was  just  going  to  press,  but  the  ad- 
vertisement clerk  promised  to  insert  a 
"personal"  notice  reading: 

"Investors  in  Transplanetary  Space 
Telephone  stock  will  learn  something  of 
great  importance  by  calling  in  person  on 
Mr.  Gilmore,  Hotel  Palace,  at  9  this 
evening." 


"Exactly !"  said  Dan,  cheerily.  "Up 
to  your  old  tricks,  eh,  Colonel?"^ 

Colonel  Everard  Powers  straightened 
up  suddenly. 

"See  here!"  he  said  huskily.  "I've 
got  a  good  thing  here.  You  spoil  it  and 
I'll — but  hold  on  a  minute.  You're  a 
telephone  man,  Dan.  Come  in  with  me, 
and  you  will  have  ten  thousand  in  a 
week." 

Dan  smiled. 

"I'm  afraid  the  game  is  spoiled  now, 
Colonel,  even  if  I  did  want  to  become 


HE    UNEARTHED    SOME    IRON-CLAD    COILS. 


Then  Dan  Gilmore  walked  up  the 
stairs  over  the  assay  office  and  entered 
the  door  of  the  Transplanetary  Space 
Telephone  Company  without  a  hint  of 
his  former  diffidence. 

"Well,  well,  Colonel !  I'm  really  glad 
to  see  you  here !"  he  exclaimed  heartily. 

But  the  Colonel  did  not  seem  to  share 
in  the  enthusiasm.  His  great  body 
seemed  to  have  shrunk  down  into  his 
chair,  and  even  his  cigar  hung  limp  and 
dejected  from  his  half-open  mouth. 

"Dan  Gilmore!"  he  gasped  feebly. 


your  partner  in  crime,"  and  he  tapped 
the  coils  significantly. 

The  Colonel's  face  turned  a  livid  pur- 
ple, and  he  leaped  from  his  chair. 

"Sit  down,  Colonel,  sit  down!"  said 
Dan  coolly.  "Ever  since  that  little  af- 
fair of  yours  in  Chicago  I  have  carried  a 
gun  handy,  in  case  I  should  meet  you.  I 
have  an  item  in  the  evening  paper  that 
will  expose  your  whole  scheme,  and  to- 
morrow you  will  be  behind  the  bars." 

The  Colonel  was  speechless  and 
seemed  in  danger  of  apoplexy. 
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"On  second  thought,  though,"  said 
Dan,  still  smiling,  "I  ought  to  feel  grate- 
ful to  you.  I  came  here  looking  for  an 
honest  job.  Through  you,  I  think  I  will 
get  one.  How  much  actual  money  have 
you  taken  in?" 

"Not  a  cent;  not  a  cent!"  protested 
Powers,  finding  his  voice  suddenly.  "If 
you  think  you  can — " 

"But  you  have  subscriptions  for 
stock,"  said  Gilmore. 

"Twenty-five  thousand  dollars," 
groaned  the  Colonel. 

"All  good?" 

"As  gold !" 

"Now,  Colonel,  I'm  going  to  be  good 
to  you.  Pack  your  personal  effects  in  a 
hurry,  and  vanish  before  the  papers  are 
out.  No — stay  a  minute !  You  beat  me 
out  of  the  only  thousand  dollars  I  ever^ 
accumulated  about  a  year  ago.  Pay  me 
back  a  hundred  and  I'll  call  it  square." 

"I  haven't  but  eighty  dollars,"  said 
the  Colonel. 

Dan  reflected. 

"You  will  need  a  little,"  he  said,  "be- 
cause I  want  you  to  get  as  far  away 
from  this  town  as  possible,  for  the  sim- 
ple reason  that  I  like  the  town,  and  think 
I  will  settle  down  here  as  one  of  its  in- 
fluential citizens.  Give  me  fifty,  and  get 
out.  I  appoint  myself  receiver  for  the 
Transplanetary  Space  Telephone  Com- 
pany.   Now  get !" 

At  a  quarter  to  nine  that  evening  the 
clerk  of  the  Palace  Hotel  began  to  re- 
ceive inquiries  for  Mr.  Gilmore.  A  bell- 
boy piloted  the  visitors  up  to  the  biggest 
room  in  the  house,  where  Dan  Gilmore, 
attired  in  a  well-fitting,  new  business 
suit,  met  them.  At  nine  o'clock  he  had 
to  send  for  more  chairs.  By  nine-thirty 
the  room  was  filled  with  the  business 
men  of  the  town,  who  met  each  other 
with  some  surprise. 

"Gentlemen,"  said  Dan  Gilmore,  "I  am 
a  telephone  man  of  long  experience,  and 
first  I  want  to  congratulate  you  upon  the 
excellent  system  with  which  your  town 
is  provided.  The  Marengo  Telephone 
Company  owns  a  property  that  for  effi- 
ciency and  excellence  of  construction  I 
have  seldom  soon  equalled.  T  predict 
that  its  stockholders  will  soon  begin  to 
reap  very  large  rewards. 

"In  your  other  institution,  the  Trans- 
planetary  Space  Telephone  Company,  T 


have  today  unearthed  fraud  and  decep- 
tion of  large  dimensions.  I  am  pre- 
pared to  prove  that  the  demonstration 
circuit  of  the  company  to  Reno,  claimed 
to  be  wireless,  was  stolen  from  the  Ma- 
rengo Telephone  Company  through  the 
surreptitious  use  of  its  splendid  long 
distance  lines. 

"As  receiver  for  the  wireless  concern, 
gentlemen,  I  hold  your  stock  subscrip- 
tions for  twenty-five  thousand  dollars. 
This  money  I  have  saved  to  you  from 
absolute  loss.  You  have  but  to  say  the 
word,  gentlemen,  and  these  stock  sub- 
scriptions will  be  returned  to  you.  But 
you  intended  this  money  for  investment. 
You  were  promised  perhaps  fifty  per 
cent,  without  any  proof.  I  offer  you  ten 
per  cent,  at  par  value,  in  an  institution 
that  is  yours,  and  that  you  ought  to  be 
proud  to  have  a  part  in.  Tomorrow  I 
will  call  upon  each  of  you  with  your 
shares  of  stock  in  the  Marengo  Tele- 
phone Company,  which  thus  becomes  the 
strongest  telephone  company  in  this  part 
of  the  country.  Gentlemen,  I  thank  you." 

When  the  excitement  and  the  ques- 
tioning subsided,  Gilmore  found  that  he 
had  sold  twenty  thousand  dollars'  worth 
of  stock.  To  the  few  dissenters  who 
made  up  the  other  five  thousand  he  re- 
turned their  subscriptions.  Then  he  went 
to  bed  and  slept  the  sleep  that  follows  a 
good  day's  work. 

The  next  morning,  shaven,  brushed 
and  polished  until  he  looked  "fresh  from 
New  York"  as  the  clerk  remarked,  he 
entered  the  offices  of  the  Marengo  Tele- 
phone Company.  As  he  passed  the  news- 
paper office  he  thanked  his  stars  that  the 
Mercury  did  not  get  out  a  morning  edi- 
tion. 

Mr.  Daniel  Gilmore  of  Chicago,  cap- 
italist, created  quite  a  sensation  in  the 
telephone  office.  And  when  he  an- 
nounced that  he  was  so  well  pleased  with 
the  plant  that  he  intended  to  invest 
twenty  thousand  dollars  in  stock  of  the 
company  at  seventy  dollars  a  share,  one 
might  almost  have  imagined  tears  in  the 
eyes  of  those  excellent  people. 

"And  by  the  way."  said  Mr.  Gilmore. 
"as  I  intend  to  remain  here,  some  minor 
connection  with  the  actual  work  of  the 
company,  enough  to  keep  me  occupied, 
would  he  acceptable,  if  convenient  to 
you.     I  am  an  old  telephone  man." 
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The  officers  looked  at  each  other. 

"'Would  you  care  to  accept  the  posi- 
tion of  manager?"  asked  the  president 
tentatively.  "We  intend  to  install  a 
third  long  distance  line  to  Reno  soon,  as 
the  traffic  is  too  heavy  for  the  two  we 
have ;  and  we  really  need  a  man  like 
yourself  to  see  that  even-thing  is  prop- 
erly taken  care  of." 

"Why  don't  you  install  a  phantom  cir- 
cuit on  the  two  you  have  at  present?" 
asked  Gilmore.  "Your  present  lines  are 
first-class,  and  in  that  way  you  will  se- 
cure your  three  circuits  without  any  new 
construction  work." 


The  officers  shook  their  several  heads. 

"We  tried  that  only  a  month  ago,  Mr. 
Gilmore,'''  said  the  secretary,  ''but  the 
phantom  apparatus  would  not  work.  Do 
you  know  of  any  case  where  such  a  cir- 
cuit has  operated  successfully?" 

Gilmore  grinned. 

"The  last  bit  of  telephone  work  I  did 
was  to  inspect  a  very  successful  phantom 
circuit,  over  the  same  length  of  line  as 
yours,'*'  he  replied.  "As  to  its  working 
— -I  have  a  couple  of  phantom  coils  at 
the  hotel  that  I  will  donate  in  honor  of 
my  new  position  with  you;  and  I'D  guar- 
antee thev  will  work  \" 


QUESTIONS  AND  ANSWERS. 

Readers  of  Popular  Electricity  are  invited  to  make  free  use  of  this  department. 
Knowledge  on  any  subject  is  gained  by  asking  questions,  and  nearly  every  one  has  some 
question  he  would  like  to  ask  concerning  electricity.  These  questions  and  answers  will  be 
of  interest  and  benefit  to  many  besides  the  one  directly  concerned.  Xo  consideration 
will  be  given  to  communications  that  do  not  contain  the  full  name  and  address  of  the  writer. 


COMPOUND    DYNAMOS;   MEASURING 
BATTERY  RESISTANCE. 

Questions. —  (A)  What  is  the  difference  be- 
tween an  over  compounded  and  an  under 
compound  dynamo?  (B)  What  are  the 
uses  of  each?  (C)  How  can  the  internal  re- 
sistance of  a  battery-  be  measured? — X.  G.  B., 
Marlboro.  Mass. 

Anszvers — (A)  In  a  compound  wound 
machine  each  field  magnet  is  wound  with 
two  separate  coils,  one  of  a  few  turns  of 
heavy  wire  in  series  with  the  armature ; 
the  other,  a  shunt.,  consists  of  many  turns 
of  fine  wire  connected  across  the  brushes. 
The  shunt  winding  is  proportioned  to 
bring  the  voltage  up  to  normal  with  no 
load.  Then  as  the  load  comes  on.,  the  in- 
creasing current  through  the  series  wind- 
ing and  out  to  the  line  increases  the  field 
excitation  in  proportion  as  the  load 
comes  on  and  maintains  the  pressure  con- 
stant across  the  brushes.  Such  a  ma- 
chine is  compound  wound.  If  this  series 
winding  is  of  enough  turns  to  raise  the 
voltage  above  the  normal  as  the  load 
comes  on,  such  a  machine  is  over  com- 
pounded. If.  on  the  other  hand,  the  se- 
ries turns  are  not  sufficient  to  keep  up 
the  normal  voltage  as  the  load  increases, 
the  machine  is  under  compounded. 

(B)  Compound  dynamos  are  used  in 
isolated  plants  and  small  central  stations 
where  automatic  regulation  is  required, 
and   are   generally*  employed   in   electric 


railway  houses  where  voltage  fluctuation 
is  considerable  owing  to  changing  load. 
Over-compound  dynamos  are  used  where 
it  is  necessary  to  generate  somewhat 
above  the  normal  voltage  in  order  to  de- 
voltage 


at    some   distant 


liver    normal 
point. 

(C)     The  internal  resistance  of  a  cell 
is  difficult  to  measure.     The  voltmeter — 


METHOD     OF,     MEASURING     BATTERY    RE- 
SISTANCE. 

ammeter  method  shown  in  the  diagram 
is  considered  good,  letting  the  battery  re- 
place (R).  The  voltmeter  reading  will 
be  the  drop  over  the  ammeter  and  (R). 
The  resistance  of  the  ammeter  must  be 
known,  then  by  Ohm's  law,  (C)  times 
resistance  of  the  ammeter  equals  the  drop 
over  the  resistance  of  the  ammeter  where 
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(C)  is  the  ammeter  reading.     Hence  to 
E-(C  X  Am.  res.) 

be    correct     R= .      The 

C 
drop  over  the  ammeter  is  small  and  in 
every  day  work  this  correction  may  be 

E 
neglected  ;  then  R= — . 
C 


>e 


scribed  in  the  February  issue,  1909. — R.  L.  N 
Tilton,  N.  H. 

Answers. —  (A)    Transformers  can 
used  on  alternating  current  only. 

(B)    They   could    be     used    but    the 
process  would  be  very  costly. 


HOUSE  SYSTEM  TELEPHONE  CIRCUITS. 

Question. — I  have  started  to  put  telephones 
in  our  mill — one  in  the  office  and  five  in  dif- 
ferent parts  of  the  mill.  I  wish  to  arrange  so 
that  the  office  can  call  any  one  of  the  five  by 
using  a  switch,  and  also  so  that  any  one  oi 


SPARK  COIL  OPERATED  FROM 
DYNAMOS. 

Questions. —  (A)  Would  a  dynamo  having 
two  field  coils,  a  six  segment  commutator  and 
a  twelve  slot  armature  run  a  spark  coil?  (Bj 
Would  an  eight  segment  commutator  and 
eight  slot  armature  do  the  work?  (C)  Could 
1  use  a  magneto  to  operate  a  spark  coil  having 
a  vibrator?— W.  O.,  Grand  Park,  N.  Y. 


HOUSE    SYSTEM    TELEPHONE    CIRCUITS. 


the  five  can  call  the  office  without  interfering 
with  the  other  four.— R.  K.,  Haledon,  N.  J. 

Answer — Arrange  circuits  as  shown  in 
diagram  except  that  you  should  provide 
six  separate  wires,  preferably  in  cable 
form,  and  a  common  return.  With  this 
arrangement  and  a  six-point  switch  any 
telephone  may  call  any  other  without 
interfering  with  the  others,  but  care  must 
be  taken,  when  through  talking,  to  place 
the  switch  on  the  home  button  for  a 
future  call. 


TRANSFORMER;  STORAGE    BATTERY 
CHARGING. 

Questions. —  (A)  How  can  a  transformer 
be  made  that  will  step  six  volts  direct  current 
up  to  10  or  12  volts.  (B)  can  dry  batteries 
be   used  for  charging  the  storage  battery  de- 


Answers — (A)  and  (B).  Yes,  though 
the  current  would  be  somewhat  unsteady. 

(C)  No.  The  ordinary  magneto  gen- 
erator is  wound  to  give  alternating  cur- 
rent at  high  voltage  and  little  current. 


MOLDING  CARBON. 

Question. — Can  powdered  carbon  be  mold- 
ed into  sticks  or  cylinders,  and  if  so  how? — 
YV.  C,  Rochester,  111. 

AiiSK'cr. — Briefly,  coke  is  crushed  to 
the  size  of  coarse  gravel  in  a  mill  for 
this  purpose.  It  is  then  placed  in  retorts. 
heated  30  to  40  hours  to  a  white  heat. 
then  cooled.  The  solid  so  formed  when 
cool  is  ground  and  bolted  like  corn  meal 
so  as  to  separate  the  coarse  from  the 
fine.  Next,  coal  tar  pitch  is  ground  tine 
like  the  coke.     These  two  are  care  fully 


794 


POPULAR     ELECTRICITY 


mixed  (in  which  process  lies  the  secret) 
in  a  revolving  barrel  kept  at  3000  F.  The 
mixture  left  to  cool  for  12  hours  be- 
comes so  solid  that  it  is  again  pulverized. 
Into  hot  molds  the  pulverized  material 
is  poured,  heated  again  for  a  short  time 
to  3000  F.,  then  the  molds  are  subjected 
to  great  pressure.  The  molds  are  then 
opened  and  carbons  attached  to  each 
other  by  "fins"  are  taken  out,  placed  in 
fine  sand  in  a  furnace  and  heated  for  96 
hours.  The  cooling  requires  48  hours. 
The  carbons  are  now  uncovered,  sorted 
and  sent  to  the  plating  room  to  receive 
the  copper  coating  that  you  see  on  arc 
lamp  carbons. 


carbon  and  manganese  to  act  as  conductors? 
(C)  Does  the  saline  solution  act  chemically  on 
the  manganese?  (D)  Is  not  the  electricity 
produced  by  the  corrosion  of  the  zinc  by  the 
solution,  and  not  by  action  on  the  manganese? 
(E)  Sand  and  sawdust  on  top  must  become 
damp;  do  they  not  tend  to  short  circuit  to 
some  extent? — J.  M.  McM.,  Port  Townsend, 
Wash. 

Answers — (A)  Authorities  agree  in 
the  use  of  battery  solution  for  moistening 
except  that  some  manufacturers  use 
trade  secret  binding  substances.  The 
powdered  carbon  and  manganese  are 
moistened  and  stirred  until  no  longer 
dusty. 

(B)     The  carbon  acts  as  a  conductor 
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CROWFOOT   OR  GRAVITY  BATTERY. 


CROWFOOT  OR  GRAVITY  BATTERY. 

Question. — Please  give  directions  for  mak- 
ing a  crowfoot  or  gravity  battery. — H.  H., 
Kansas  City,  Mo. 

Answer. — See  sketch.  The  copper 
(C)  is  made  of  thin  leaves  of  the  metal 
riveted  together  as  shown,  having  an 
insulated  wire  attached  at  (A).  The 
zinc  (Z)  may  be  of  any  shape  but  is 
usually  as  shown.  For  a  jar  six  inches 
in  diameter  and  eight  inches  high  use  a 
three-pound  zinc  and  three  pounds  of 
copper  sulphate  (S).  Fill  the  jar  with 
water.  This  cell  should  always  be  left 
working  on  a  small  resistance.  When 
not  in  good  condition  the  blue  solution 
will  rise  and  copper  will  be  deposited  on 
the  zinc.  The  voltage  is  1.07  and  the 
current  one-half  ampere. 


DRY  BATTERY  CONSTRUCTION. 

Questions.— {A)  Are  not  all  dry  cells  packed 
solid  with  powdered  carbon  and  manganese 
dioxide,  to  which  is  added  a  small  amount  of 
material  other  than  moistening  with  the  bat- 
tery solution?     (B)    Is  it  not  the  function  of 


and  electrode,   and  the  manganese  is  a 
depolarizer. 

(C)  No. 

(D)  The  chemical  action  in  the  cell 
is  as  follows :  When  the  circuit  is  closed 
the  zinc  (Zn)  displaces  ammonium 
(NH4)  in  the  solution  forming  zinc 
chloride  (Zn  CI).  The  ammonium  breaks 
up  into  ammonia  gas  (N  H3)  which 
either  unites  with  water  or  escapes,  and 
frees  hydrogen  (H)  which  is  liberated 
at  the  surface  of  the  carbon.  Without 
the  manganese  the  hydrogen  would  soon 
collect  on  the  carbon,  but  with  the  man- 
ganese rich  in  oxygen  the  hydrogen  takes 
up  oxygen  and  forms  water  (H2  O). 

(E)  Some  moisture  as  an  electrolyte 
is  essential  to  the  operation  of  the  cell. 


WINDING  SMALL  A.  C.  ARMATURE. 

Question.— How  may  I  wind  a  one-eighth 
horse-power  motor  armature  for  operation  on 
alternating  current? — P.  C,  Newkirk,  Okla. 

Answer — See  answer  to  question  (B) 
of  F.  E.  B.,  Mendota,  Wis.,  and  also  to 
M.  B.,  Superior,  Wis.  March  issue,  1909. 
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OPEN  CIRCUIT  TELEGRAPH  SYSTEM. 

Question. — How  should  I  connect  a  tele- 
graph line  consisting  of  three  instruments  on 
an  open  circuit  with  only  one  main  wire?  L. 
R.  D.,  St.  Johnsburg,  Vermont. 


gauge  double  cotton  covered  wire  on 
armature  and  four  pounds  of  No.  20 
B.  and  S.  gauge  on  field  magnets.  Wind 
as  in  diagram. 


L  /a/^t 


t  i 

tF 

I 

t-r— T     ' 

s 

—  /  p 

-<*■ 

OPEN   CIRCUIT   TELEGRAPH. 


Answer. — The  diagram  shows  three 
stations  (A,  C,  E),  keys  (K),  sounders 
(S),  relays  (R),  local  batteries  (LB), 
main  line  batteries  (B),  and  grounds 
(G).  When  not  in  operation  all  bat- 
teries are  on  open  circuit. 


WINDING  A  75- WATT  DYNAMO. 

Question. — Please  tell  me  how  to  wind  a 
drum  armature  of  a  small  75-watt  dynamo  — 
T.  R,  So.  Whitely,  Ind. 


DYNAMO    WINDING. 

Answer. — We  assume  two  field  mag- 
net coils  in  shunt,  diameter  of  armature 
two-thirds  of  the  length,  and  eight  slots. 
Use  eight  ounces  of  No.  20  B.   &  S. 


ELECTROPLATING. 

Questions. —  (A)  What  capacity  dynamos 
would  it  take  to  operate  a  64  gallon  copper 
solution  to  deposit  on  one-half  dozen  plates 
18  by  25  inches?  (B)  What  are  the  ingredi- 
ents and  quantities  in  the  above  bath? — D.  \V., 
Reading,  Pa. 

Answers — (A)  Current  of  15  to  18 
amperes  per  square  foot  at  six  volts  or 
less  works  most  satisfactorily  for  copper. 

(B)  Fourteen  per  cent  copper  solu- 
tion, two  or  three  per  cent  sulphuric  acid. 
and  distilled  water  or  filtered  rain  water. 

A  cyanide  solution  much  used  on  iron, 
brass,  and  steel  is  made  as  follows :  Pure 
potassium  cyanide,  ten  ounces  ;  potassium 
carbonate,  two  ounces ;  copper  carbonate, 
five  ounces.  For  each  gallon  of  water 
use  quantities  above  noted,  dissolving 
nearly  all  of  the  potassium  cyanide  in 
part  of  the  water,  then  adding  copper 
carbonate  which  has  been  dissolved  in  the 
water.  Now  dissolve  the  potassium  car- 
bonate in  water  and  add  to  the  above  so- 
lution while  stirring.  Use  copper  anodes 
and  a  weak  current  with  this  solution. 


muzzle 


AN  ELECTRIC  CANNON. 

Question. — How  can  I  fire  a  smal 
loading  cannon  by  electricity?— R.  \\ 
Joseph,  Mo. 

Answer — See    answer    to    C. 

March  issue.  A  modification  of  this  ar- 
rangement to  suit  your  cannon,  with  wire 
tips  at  or  in  the  touohhole  of  the  gun  will 
fire  it. 


D. 


in 
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THE  NICKEL  TELEPHONE. 


r  z  rr.      : : 
-:    :eie- 


AXISil. 


ground  on    the    line    throng] 


\-\- 


(M)  and  lights  lamps  (L).  „  This  cur- 
rent is  so  small  that  magnets  (M)  will 
not  operate.  The  operator  answer-  : 
inserting  answering  plug,  cutting  off 
signal  lamp  (L)  and  talks  to  subscriber. 
If  party  called   answers,    the    opera:: r 


presses  key  (K)  sending  no  volts 
through  magnets  (M)  and  (C) 
drawn  back  and  coin  falls  into  box. 
(B)  and  (C)  are  fastened  to  a  flat  plate 
in  front  of  (M).  If  party  does  not  an- 
swer, key  (S)  is  pressed,  sending  no 
volts  in  the  opposite  direction  through 
(M)  withdrawing  B  and  allowing 
coin  to  fall  out  •:•:  box  In  case  a  ::::  is 
dropped  into  box  while  another  is  still 
in  place  it  rolls  over  coin  and  A  and 
::.  r  :s  :■:   :  arty    :iii  : vr 


SINGLE  WIRE  SIGNALING  CIRCUIT. 


Question. — Is  it  possible  to  have  a 
wire   signaling    system    between    two  points 

::~i::z    ::    =    zis'z    :.::::.    r   :::..     :Ai     =  zi 
zz.z:     z:  1 1 : .-_  t:A  iji   i::i:gt:  :    i:    v.t:    :;:- 
:_::   is    :  :  =  td    =:      A        AAi   ~:'l    r:r.r    i:       I 
:.-1t    i:;-_    ::    ~     :z:r.   :j    z.zsti   i:      A"     ':Ai       :_" 
ring  at  (A)  only.— F    _    L,  Cleveland,  Ohio. 


=:s>ma    ::?.  :v:r 
df-explanatory     dia- 


ARC  FURNACE. 

i     .".'-  /    j — A.    ir.    ir:    lArn-ri    I    u=t    A~p5 

::r    resistance.      These    ire   :::    expensive    zz.z 

_;-_-.  live:      A;-  rurrer::  is  11:  vA:  =    A    :;  ■  :A  = 

ir_:    I    ■-■:-.':.    ::     ::i'     six    ::    eigv.:    irrvjeres 

A      :    ?h:A:   like    ::      -   :::r._:r   s:ee.    -ire 

-       I::  :Arn~:e    5 :.:  ■■■-    in   the   :t::.;:; 

:er    i=    ±ere    i:v        i;     ::    emery    Are    :r    :  At 

.-... :  h::     :  / :  v  :t  :::  zzkzzz  ::   ::   viA   : :rce: 
Ae  Aver  zirAr.  ::ne=   :_:    AivAz  =   hAe  ir 
the  bottom— W.  M     Salt  Lake   A 

Answers. — (A)  The  resistance  of  one 
""-:-r.  i--z  :~  tr  iara::  is  ::S  :i:a:;  i:.: 
are  using  eight  in  parallel  placed  in  one 
leaf  ::  :-.::  The  ::.:-.  resistance  is  :::ea 
:  -  duns.  No.  14  B.  &  S.  gauge  iron 
wire  might  be  used  but  725  feet  would 
be  necessary  to  give  13.5  ohms  resist- 
ance. A  high  resistance  wire  such  as 
German  silver,  or  ferro-nickel,  would  be 
better.  See  answer  to  J.  B.,  February 
issue. 

(B)  No.  unless  the  lower  carbon  is 
: -.::  fasteaei  ::  base  ani  :=  araazhea  :: 
an  insulated  flexible  conductor. 


POPULAR     ELECTRICITY 


797 


TO  MAKE  AN  AMMETER  OR  VOLTMETER. 

Question. — Please   tell   me   how  to   make   a 
simple  ammeter. 

Answer. — Secure  a  piece  of  brass  wire 
%'  inch  thick  and  i^  inches  long.     In 
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AMMETER   OR  VOLTMETER. 

each  end  make  a  hole  3/16  inch  deep 
with  a  needle  drill.  Cut  the  heads  off 
two  pins  and  solder  in  each  end,  these 
pins  to  act  as  pivots.  Referring  to 
drawings,  make  a  bobbin  of  paper  1/16 
inch  thick  (P),  1  5/16  inches  in  diam- 
eter and  1%  inches  long.  Parts  marked 
(B)  are  brass,  and  those  marked  (W) 
are  wood.  To  the  brass  shaft  solder  a 
piece  of  soft  iron  (F).  In  the  base 
(N)  and  through  the  brass  plate  drive 
an  iron  nail.  For  a  voltmeter,  wind  on 
No.  36  cotton  covered  wire  until  bob- 
bin is  nearly  full.  For  an  ammeter  try 
12  turns  of  No.  14  wire  and  vary  until  a 
full  scale  deflection  is  obtained.  As  a 
voltmeter  the  instrument  will  read  20 
volts.  As  an  ammeter  full  scale  deflec- 
tion  is   made   by   four  amperes.     When 


current  is  passed  through  the  coil  the 
nail  and  soft  iron  bar  repel  each  other  as 
both  are  magnetized. 


DYNAMO  WILL  NOT  RUN. 

Questions. — I  have  made  a  dynamo  with 
field  magnets  of  the  Edison  type.  The  arma- 
ture is  laminated  with  12  round  slots.  The 
armature  is  wound  in  diametrically  opposite 
slots  until  they  are  full.  (A)  Is  the  winding 
correct?  (B)  Why  will  the  dynamo  not  gen- 
erate or  run  as  a  motor? — V.  F.,  Watseka, 
111. 

Answers. —  (A)  The  winding  is  cor- 
rect. 

(B)  This  is  a  most  difficult  question 
to  answer  and  requires  a  noting  of  nu- 
merous possible  causes.  We  suggest 
that  you  look  up  the  following :  Wrong 
winding  of  field  magnets ;  residual  mag- 
netism of  the  field  magnets  may  be  of 
wrong  polarity;  in  small  dynamos  the 
average  resistance  is  very  easily  com- 
puted too  low,  or  a  mistake  made  in 
gauge  of  wire;  mistake  in  connecting 
armature  winding  to  commutator;  too 
wide  an  air  gap ;  break  in  field  or  arma- 
ture coils ;  a  shunt  dynamo  will  not 
"build  up"  with  a  low7  resistance  in  the 
outside  circuit. 


ELECTRO  MAGNET  WINDING. 

Questions. —  (A)  I  wish  to  make  an  elec- 
tromagnet using  a  core  three  inches  in  diam- 
eter by  four  inches  in  length.  What  size  and 
quantity  of  wire  shculd  I  use  to  get  the 
strongest  magnet  from  the  use  of  20  cells  of 
dry  battery?  (B)  Can  I  use  this  magnet  on 
a  lighting  circuit  of  110  volts  by  reducing  to 
39  or  40  volts? — F.  B.,  Excelsior  Springs.  Mo. 

Anszvers. — Use  ten  layers  of  No.  20 
B.  and  S.  gauge  double  cotton  covered 
wire. 

(B)  Yes. 


RING  WOUND  ARMATURE. 

Question. — Will  you  tell  me  how  much  and 
what  size  wire  to  wind  on  a  dynamo  arma- 
ture three  inches  in  diameter  and  one  and 
three-quarter  inches  long? — M.  C,  Louisville. 
Ky. 

Answer — Assuming  from  dimensions 
that  your  armature  is  of  the  ring  type. 
allow  the  field  winding  to  remain,  and 
use  at  least  nine  ounces  oi  \o.  jo  v. 
Ring  armatures  should  not  be  wound 
more  than  three  layers  deep. 


NEW   ELECTRICAL    INVENTIONS. 


SIGHTING  BIG  GUNS. 

In  sighting  practice  with  the  big  turret 
guns  on  battleships,  without  actually  fir- 
ing the  guns,  it  is  customary  to  provide 
miniature  targets  which  are  suspended 
in  front  of  the  guns  and  moved  up  and 
down.  A  small  gun  is  attached  to  the 
large  gun,  so  that  the  bullet  from  the  for- 
mer will  strike  the  target  at  the  point 
aimed  at  by  the  large  gun.  The  gun 
captains  obtain  practice  in  sighting  and 
aiming    the    guns    by    aiming    the 


large 


mm  at  the  moving  target  and  then  fir-      siehtinc 


ented  by  Bradley  A.  Fiske,  of  the  United 
States  Navy,  it  is  said  a  gunner  can  prac- 
tice sighting  and  firing  by  himself  with- 
out requiring  the  assistance  of  others, 
and  the  use  of  the  apparatus  is  not  de- 
pendent upon  the  condition  of  the  weath- 
er or  the  steadiness  of  the  ship. 

In  accordance  wrth  his  plan  a  sighting 
tube  is  arranged  to  be  moved  in  the 
movement  of  the  gun,  and  a  target  pic- 
ture, seen  edgewise  in  the  cut,  is  placed 
in   close   proximity  to   the    front   of  the 


SIGHTING    APPARATUS    FOR   BIG    GUNS 


ing  the  small  gun  when  the  sight  bears 
on  the  desired  point,  the  bullet  mark  in 
the  target  indicating  the  accuracy  of  the 
aim. 

In  other  devices,  called  "dotters,"  an 
electromagnetic  marking  device  is  ar- 
ranged when  actuated  to  make  a  dot  on 
the  target,  and  the  gun  captain  is  pro- 
vided with  a  firing-pistol,  which  closes 
the  electric  circuit  by  which  the  electro- 
magnetic marking  device  is  actuated. 
Devices  of  this  kind  are  very  valuable  in 
instructing  men  to  fire  correctly  and  to 
follow  a  moving  target,  but  they  require 
several  men  to  work  them.  A  further 
objection  is  that  they  cannot  well  be  used 
in  windy  weather. 

By  employing  a  system  recently  pat- 


tube,  this  picture  being  inde- 
pendently movable.  An 
electromagnetic  marking 
device,  the  circuit  of  which 
is  closed  by  the  pistol-like 
device  in  the  gunner's 
hand,  is  arranged  to  mark 
the  target  at  the  point 
aimed  at  by  the  sighting 
tube,  the  electromagnets 
pulling  up  one  end  of  a 
right-angle  lever  on  the 
other  end  of  which  is  a 
sharp  point  which  punc- 
tures the  picture. 

The  picture  is  seen  in 
the  sighting  tube  which  is 
provided  with  cross-hairs 
whose  junction  mark  any 
spot  aimed  at  by  the  tube. 
The  picture  is  also  mount- 
id  so  that  it  may  be  moved 
up  and  down  with  a  wave-like  motion  to 
make  it  more  difficult  for  the  gunner  to 
bring  the  junction  of  the  cross-hairs  on 
any  particular  spot  on  the  picture. 

In  the  gunner's  right  hand  is  shown, 
diagramaticallv,  the  lever  for  controlling 
the  motions  of  the  gun. 

The  operation  is  simple.  The  gunner 
looks  through  the  tube  and  marks  some 
point  on  the  pictured  battleship  he  wish- 
es to  pierce.  He  then  moves  the  gun 
controlling  lever,  elevating  and  depress- 
ing the  gun,  which  also  moves  the  sight- 
ing tube  correspondingly,  until  the  cross- 
hairs fall  upon  the  point  selected,  then  he 
pulls  the  trigger  puncturing  the  picture 
at  the  point  where  the  cross-hairs  bisect. 
If  his  aim  be  good  the  puncture  will  be  at 
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the  point  on  the  picture  at  which  he 
aimed.  At  the  same  time  he  has  gone 
through  the  actual  movements  of  manip- 
ulating the  gun. 


COLLECTING    ATMOSPHERIC    ELEC- 
TRICITY. 

It  has  been  the  dream  of  many  invent- 
ors to  devise  some  means  by  which  the 
electricity  in  the  atmosphere  might  be 
collected  and  utilized  in  the  service  of 
man.  It  is  the  opinion  of  many  that 
vast  quantities  of  electricity  are  present 
in  the  high  altitudes  or  even  in  the  re- 
gions of  infinite  space  beyond  the  earth's 
atmosphere.  Among  the  latest  methods 
proposed  is  one  patented  by  Walter  I. 
Pennock  of  Philadelphia.  In  the  words 
of  the  inventor  the  scheme  relates  to 
"a  method  of  collecting  electricity  from 
a  strata  laden  with  electricity  at  high 
altitudes  in  the  atmosphere,  through  the 
medium  of  a  wire  cable  suspended  from 
one  or  more  balloons  and  in  conveying 
this  electricity  to  the  earth's  surface." 

According  to  this  inventor's  theory 
the  passage  of  the  electrical  current  to 
the  earth  under  ordinary  conditions  is 
prevented  by  an  obstruction  afforded  by 
the  dense  lower  strata  of  the  atmos- 
phere, which  is  a  bad  conductor  of  elec- 
tricity, as  shown  by  the  electrodes  of  an 
ordinary  static  machine.  When  the  elec- 
trodes are  placed  close  together,  the  at- 
mosphere is  seen  to  carry  the  current 
across  from  one  electrode  to  another,  but 
if  placed  far  apart  the  current  is  ob- 
structed by  the  intervening  air.  The 
dense  lower  strata  of  the  atmosphere 
affords  one  of  the  best  non-conductors  of 
electricity,  as  shown  in  the  conduction  of 
the  electric  current  by  telegraph,  or  trol- 
ley wires  on  the  earth's  surface,  where 
only  a  small  quantity  of  the  electric  cur- 
rent escapes  through  the  atmosphere ; 
while  rarefied  atmosphere  affords  a 
good  conducting  medium,  as  shown  by 
the  vacuum  tube.  The  upper  strata  of  the 
atmosphere  being  rare  in  proportion  to 
the  attitude,  and  being  a  good  conductor 
of  electricity  while  the  lower  strata  of 
the  atmosphere  being  dense  and  afford- 
ing a  non-conducting  medium  for  the 
electric  current,  thus  causes  an  obstruc- 
tion to  the  electric  current,  or  power  in 
its   passage   to   the   earth's   surface    from 


the  electric  strata  of  the  atmosphere  un- 
der ordinary  conditions. 

When,  however,  the  clouds  of  a 
thunder  storm  pass  over  the  surface  of 
the  earth,  these  clouds  being  of  very 
great  height,  the  moisture  in  the  clouds 
forms  a  better  conductor  of  electricity 
than   does   the   dry   air,   with   the   result 


PROPOSED  PLAN  FOR  COLLECTING  AT- 
MOSPHERIC ELECTRICITY. 


that  the  electricity  in  the  upper  strata 
of  the  atmosphere  breaks  through  the 
cloud  as  a  streak  of  lightning  and  in  that 
form  reaches  even  to  the  earth's  surface, 
while  the  thin  or  shallow  strata  of 
clouds,  observed  in  the  so-called  "set- 
tled rain"  storm,  do  not  extend  up- 
ward to  a  sufficient  height  to  form  a 
conducting  medium  for  the  electricity 
from  the  electric  strata  to  the  earth's 
surface.  For  this  reason  there  is  usu- 
ally no  lightning  during  the  latter  vari- 
ety of  rain  storm. 

The  principle  of  the  proposed 
tricity  collector  consists  in  elevating 
high  up  in  the  rarefied  atmosphere,  by 
anchored  balloons,  a  sort  d  spiral  col- 
lector with  many  sharp  points.  From  this 
a  wire  passes  down  to  earth  and  ch  g*  - 
an  electric  accumulator. 
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AN  ELECTRIC  FIREPLACE. 

This  device  consists  of  a  frame  or 
panel  adapted  to  fit  into  an  ordinary  fire- 
place or  grate.  This  frame  is  of  metal 
and  is  provided  with  several  polished 
concave  recesses  or  reflectors.  In  front 
of  these  are  placed  long  tube-like  incan- 
descent lamps  of  special  design,  not 
shown  in  the  cut,  which  are  adapted  to 


ELECTRIC    FIREPLACE. 

radiate  a  large  amount  of  heat.  The 
lamps  are  screwed  into  receptacles  in  the 
base  and  when  they  are  burning  will  heat 
a  good-sized  room  and  at  the  same  time 
give  out  a  soft,  pleasant  light.  The  in- 
ventor of  the  device  is  Alfred  D.  Rath- 
bone  of  Grand  Rapids,  Mich. 


INSULATOR  FOR  TELEPHONE  WIRES. 

For  attaching  telephone  and  telegraph 
wires  to  walls,  posts,  trees,  etc.,  the  in- 
sulator shown  in  the  diagram  possesses 


some  desirable  features.  The  insulator 
comprises  a  spike  adapted  to  be  driven 
by  a  hammer  into  the  mortar  between 
bricks  in  a  brick  wall  or  into  trees  or  into 
frame  structures,  and  on  one  side  of  this 
spike  there  is  formed  a  clip  adapted  to 
embrace  and  hold  an  insulating  button 
or  washer.  The  button,  which  is  pierced 
in  the  center  to  hold  the  wire,  is  placed 
in  the  clip,  which  is  then  bent  around 
it.  The  device  is  the  invention  of  George 
B.  Marshall,  Shannon,  Tex. 


ELECTRIC  ALARM  CLOCK. 

A  new  type  of  alarm  clock  is  shown  in 
the  diagram.  It  is  fitted  with  an  electric 
lamp  so  placed  as  to  illuminate  the  dial. 
This  lamp  is  controlled  by  a  push  button 
on  the  end  of  a  cord,  which  may  be 
long  enough  to  extend  to  the  bed,  so 
that  the  time  may  be  ascertained  with- 
out getting  up.  At  the  right  of  the  clock 
is  the  usual  alarm  bell  which  may  be  set 


ELECTRIC    ALARM   CLOCK. 

to  go  off  at  any  predetermined  time.  At 
the  left  is  a  bank  for  valuables  which  is 
so  arranged  that  if  it  is  tampered  with 
the  alarm  will  ring. 


INSULATOR    FOR    TELEPHONE    WIRES. 


Competent  engineers  estimate  that 
there  is  2,000,000  horse-power  which 
could  be  easily  developed  from  water- 
power  in  this  country.  This  would  save 
annually  225,000,000  tons  of  coal. 
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Heard  at  the  lunch  counter:  "Hey,  waiter!  1 
thought  I  ordered  pork  and  beans.  Where  is 
the  pork?" 

"Excuse  me,  sir,  but  there  it  is,  just  behind 
one  of  the  beans." 


Weary  (dejectedly):  "Dey'se  always  inventin' 
useless  tings,  like  de  horseless  wagon  and  de 
wireless  telegraph.  Why  don't  dey  do  sompin' 
for  us  poor  hoboes.  Give  us  a  toothless  bull- 
dog." 

*  *     * 

Her  waist  begins  just  below  her  neck.  Her 
hips  have  been  planed  off  even  with  the  rest 
of  her  body.  She  is  usually  buttoned  up  the 
back,  and  around  her  neck  she  wears  a  section 
of  barbed  wire,  covered  with  lace.  She  wears 
on  her  head  a  blonde  haystack  of  hair,  and  on 
top  of  this  a  central  dome  with  rings  about  the 
same  size  as  those  of  Saturn.  She  is  swathed 
in  her  gown  like  an  Indian  papoose,  and  on  the 
ends  of  her  feet  are  dabs  of  patent  leather.  She 
walks  on  stilt-like  heels  with  the  expertness  of 
a  tight-rope  dancer.  The  pores  of  her  skin  are 
full  of  fine  white  powder. 

This  is  a  Woman. 

*  *     * 
"Porter." 

Thus  the  passenger  for  London  hailed  a  rail- 
way servant  at  a  small  Scottish  station. 

"Yessir?"  The  man  instinctively  held  out  his 
hand. 

"Do  you  think  this  parcel  well  enough  tied  to 
trust  going  in  the  van?" 

"Weel,  I'll  see,"  answered  the  porter,  drop- 
ping the  parcel  with  a  bang.  "She'll  get  that 
here,  and  she'll  get  that  at  the  junction." — giv- 
ing it  another  drop — "and  she'll  get  THAT  at 
Perth!" — banging  it  so  lustily  that  all  the  con- 
tents scattered  over  the  pavement.  "Weel,  sir, 
if  she  be  goin'  farther  than  Perth,  she'll  nae  do 
whatever!" 

*  *     * 

The  telephone  engineer  was  approached  by  a 
friend  not  posted  in  the  science  of  telephony 
who  asked:  "Say,  Bill,  what  are  these  sound 
waves  I  hear  about?" 

Without  the  least  hesitation  the  engineer  an- 
swered: "If  you  were  familiar  with  the  defini- 
tion of  the  two  words  you  would  not  ask  such  a 
foolish  question,  and  I  want  you  to  remember 
every  word  so  if  anyone  asks  you  the  question 
you  can  answer  it. 

"As  you  perhaps  know,  silence  in  action  is 
sound  In  motion.  Sound  and  silence,  then,  be- 
long to  the  order  of  dual  substance  in  unity. 
This  phonic  unity  is  an  independent,  impon- 
derable, phonic,  chrystoplastic.  suisysmoris 
which  cannot  be  divided  or  destroyed.  It  re- 
sides in  all  non-metallic  atoms,  which  are  not 
only  part  with  it,  but  transmit,  reverberate  and 
absorb  it,  and "  but  the  friend  had  gone. 

Now.  Mr.  Editor,  what  I  want  to  know  is  this: 
Was   the  definition  of   the   first   word  coviwi': 
Stephen  Huckelheimer,  Podunk,  Mo. 


Poeticus — "I  wish  to  publish  my  poems,  but 
have  so  many  irons  in  the  fire  that  I  haven't 
been  able  to  do  it." 

Cynicus — "Why  not  put  them  in  where  your 
irons  are?" 

*  *     * 

"The  members  of  the  Women's  Rights  Society 
held  their  semi-annual  meeting  in  the  town  hall 
yesterday,  and  during  the  president's  address  it 
was  so  quiet  you  could  have  heard  a  coupling- 
pin  drop." 

*  *     * 

The  cross-eyed  man  was  watching  the  activity 
of  Niagara.  "What  a  big  waste!"  he  remarked 
to  his  friend. 

The  very  stout  lady  standing  near-by  looked 
at  him  angrily.     "Mind  your  own  business!" 

*  *     * 

Goldstein  and  Abrahams  writh  their  wives 
were  in  a  railroad  wreck.  Goldstein  got  $1,000 
damages  and  Abrahams   $2,000. 

"Abrahams,  how  did  you  get  two  tousand  dol- 
lars vile  I  got  only  von?" 

"Dot  is  simple,"  said  Goldstein,  "I  had  de 
presence  of  mind  to  kick  mine  vife  in  de  face." 

*  *     * 

A  waiter  on  a  B.  &  A.  buffet  car  told  me 
confidentially  that  the  chef  couldn't  fry  my 
eggs,  "cause,  suh,  de  road  am  dat  rough,  dem 
eggs  'd  scramble  'fo'  3*ou  know'd  it." 


An  eastern  college  graduate  applied  for  work 
in  a  Michigan  lumber  camp.  He  was  told  to 
get  busy  on  one  end  of  a  cross-saw.  the  other 
end  being  in  charge  of  an  old  and  experienced 
lumberman.  At  first  all  went  well,  but  at  the 
end  of  the  second  day  the  young  man's  strength 
began  to  wane.  Suddenly  the  old  man  stopped 
the  saw  and   spat. 

"Sonny,"  he  said,  not  unkindly.  "I  don't  mind 
yer  ridin'  on  this  saw,  but  if  it's  jest  the  same 
to  you  I  wish  you'd  keep  yer  feet  oft"  the 
ground." 

*     *     * 

"I  tell  you  I  won't   have  this  room."  protested 
the  old  lady  to  the  bell  boy  who  was  condi 
ing  her.    "I  ain't  a-goin'   to  pay  my  good  mom  y 
for  a  pigsty  with  a  measly  little  foldin'   K 
It.     If    you    think    that    jest    because    I'm    ft 
the  country " 

Profoundly  disgusted,    the  boy   cut    her   short. 

"Get  in.  mum.  Get  in."  he  ordered.  "This 
ain't  yer  room.     This  is  the   elevator." 


The    junior    partner    of    the    Wall    street    firm 
was    slightly    indisposed   and    the   senior 
was   calling   him  tip  every   three  minutes. 

"Why  do  you  telephone  so  often?"  inquired 
a    friend. 

"Well,  his  temperature  fluctuates  eonsider- 
abiy  and  some  of  my  customers  ate  speculating 
on  the  fluctuations.*1 


ELECTRICAL  DEFINITIONS. 


Accumulator. — Storage    battery. 

Alternating  Current. — That  form,  of  electric 
current  the  direction  of  flow  of  which  reverses 
a  given  number  of  times  per  second. 

Ammeter. — An  instrument  for  measuring  elec- 
tric  current. 

Ampere. — Unit  of  current.  It  is  the  quantity 
of  electricity  which  will  flow  through  a  resist- 
ance of  one  ohm  under  a  potential  of  one  volt. 

Ampere  Hour. — Quantity  of  electricity  passed 
by  a  current  of  one  ampere  flowing  for  one 
hour. 

Anode. — The  positive  terminal  in  a  broken 
metallic  circuit;  the  terminal  connected  to  the 
carbon  plate  of  a  ""battery. 

Armature. — That  part  of  a  dynamo  or  motor 
which  carries  the  wires  that  are  rotated  in  the 
magnetic  field. 

Branch  Conductor. — A  parallel  or  shunt  con- 
ductor. 

Brush. — The  collector  on  a  dynamo  or  motor 
which  slides  over  the  commutator  or  collector 
rings. 

Bus  Bars. — The  heavy*  copper  bars  to  which 
dynamo  leads  are  connected  and  to  which  the 
out-going  lines,  measuring  instruments,  etc., 
are   connected. 

Buzzer. — An  electric  alarm  similar  to  an  elec- 
tric bell,  except  that  the  vibrating  member 
makes  a  buzzing  sound  instead  of  ringing  a  bell. 

Candle  Power. — Amount  of  light  given  off  by 
a  standard  candle.  The  legal  English  and 
standard  American  candle  is  a  sperm  candle 
burning  two  grains  a   minute. 

Capacity,  Electric. — Relative  ability  of  a  con- 
ductor or  system  to  retain  an  electric  charge. 

Charge. — The  quantity  of  electricity  present 
on  the  surface  of  a  body  or  conductor. 

Choking   Coil. — Coil   of  high  self-inductance. 

Circuit. — Conducting  path  for  electric  current. 

Circuit-breaker. — Apparatus  for  automatical- 
ly  opening  a   circuit. 

Collector  Rings. — The  copper  rings  on  an  al- 
ternating current  dynamo  or  motor  which  are 
connected  to  the  armature  wires  and  over 
which   the  brushes   slide. 

Commutator. — A  device  for  changing  the  di- 
rection  of   electric  currents. 

Condenser. — Apparatus-  for  storing  up  elec- 
trostatic charges. 

Cut-out. — Appliance  for  removing  any  appa- 
ratus  from   a    circuit. 

Cycle. — Full  period  of  alternation  of  an  alter- 
nating current  circuit. 

Diamagnetic. — Having  a  magnetic  permeabil- 
ity inferior   to  that   of  air. 

Dielectric. — A  non-conductor. 

Dimmer. — Resistance  device  for  regulating  the 
intensity  of  illumination  of  electric  incandescent 
lamps.     Used  largely  in   theaters. 

Direct  Current. — Current  flowing  continuously 
in  one  direction. 

Dry  Battery. — A  form  of  open  circuit  battery 
in  which  the  solutions  are  made  practically 
solid  by  addition  of  glue  jelly,  gelatinous  silica, 
etc. 

Electrode. — Terminal  of  an  open  electric  cir- 
cuit. 

Electromotive  Force. — Potential  difference 
causing  current  to  flow. 

Electrolysis. — Separation  of  a  chemical  com- 
pound into  its  elements  by  the  action  of  the 
electric    current. 

Electromagnet. — A  mass  of  iron  which  is 
magnetized  by  passage  of  current  through  a 
coil  of  wire  wound  around  the  mass  but  in- 
sulated therefrom. 

Electroscope. — instrument  for  detecting  the 
presence  of   an   electric  charge. 

Farad. — Unit   of   electric   capacity. 

Feeder. — A  copper  lead  from  a  central  station 
to   some   center  of  distribution. 

Field  of  Force. — The  space  in  the  neighbor- 
hood of  an  attracting  or  repelling  mass  or 
system.        ""» 

Fuse. — A  short  piece  of  conducting  material 
of  low  melting  point  which  is  inserted  in  a 
circuit  and  which  will  melt  and  open  the  cir- 
cuit when  the  current  reaches  a  certain  value. 


Galvanometer. — Instrument  for  measuring 
current  strength. 

Generator. — A    dynamo. 

Inductance. — The  property  of  an  electric  cir- 
cuit by  virtue  of  which  lines  of  force  are  de- 
veloped around  it. 

Insulator. — Any  substance  impervious  to  the 
passage  of  electricity. 

Kilowatt.— 1,000   watts.      (See  watt.) 

Kilowatt- hour. — One  thousand  watt  hours. 

Leyden  Jar. — Form  of  static  condenser  which 
will  store  up  static  electricity. 

Lightning  Arrester. — Device  which  will  per- 
mit the  high-voltage  lightning  current  to  pass 
to  earth,  but  will  not  allow  the  low  voltage  cur- 
rent of  the  line  to  escape. 

Motor-dynamo. — Motor  and  dynamo  on  the 
same  shaft,  for  changing  alternating  current  to 
direct  and  vice  versa  or  changing  current  of 
high  voltage  and  low  current  strength  to  cur- 
rent of  low  voltage  and  high  current  strength 
and  vice  versa. 

Multiple. — Term  expressing  the  connection  of 
several  pieces  of  electric  apparatus  in  parallel 
with  each  other. 

Multiple    Circuits.— See    parallel    circuits.' 

Neutral  Wire. — Central  wire  in  a  three-wire 
distribution  system. 

Ohm. — The  unit  of  resistance.  It  is  arbi- 
trarily taken  as  the  resistance  of  a  column  of 
mercury  one  square  millimeter  in  cross  section- 
al area  and  106  centimeters  in  height. 

Parallel  Circuits. — Two  or  more  conductors 
starting  at  a  common  point  and  ending  at  an- 
other common  point. 

Polarization. — The   depriving  of   a  voltaic   cell 
of  its  proper  electromotive  force. 
Potential. — Voltage. 

Resistance. — The  quality  of  an  electrical  con- 
ductor by  virtue  of  which  it  opposes  the  pas- 
sage of  an  electric  current.  The  unit  of  re- 
sistance is  the  ohm. 

Rheostat. — Resistance  device  for  regulating 
the  strength  of  current. 

Rotary  Converter.  —  Machine  for  changing 
high-potential  current  to  low  potential  or  vice 
versa. 

Secondary  Battery. — A  battery  whose  positive 
and  negative  electrodes  are  deposited  by  cur- 
rent from  a  separate  source  of  electricity. 

Self- inductance. — Tendency  of  current  flowing 
in  a  single  wire  wound  in  the  form  of  a  spiral 
to  react  upon  itself  and  produce  a  retarding 
effect   similar  to   inertia  in   matter. 

Series. — Arranged  in  succession,  as  opposed  to 
parallel  or  multiple  arrangement. 

Series  Motor. — Motor  whose  field  windings  are 
in  series  with  the  armature. 

Shunt. — A  by-path  in  a  circuit  which  is  in 
parallel  with   the   main  circuit. 

Shunt  Motor. — Motor  whose  field  windings 
are  in  parallel  or  shunt  with  the  armature. 

Solenoid. — An  electrical  conductor  wound  in 
a  spiral  and  forming  a  tube. 

Spark-gap. — Space  between  the  two  electrodes 
of  an  electric  resonator. 

Storage    Battery. — See    secondary    battery. 

Thermostat. — Instrument  which,  when  heated. 
closes  an  electric  circuit. 

Transformer. — A  device  for  stepping-up  or 
stepping-down  alternating  current  from  low  to 
high  or  high  to  low  voltage,   respectively. 

Volt. — Unit  of  electromotive  force  or  potential. 
It  is  the  electromotive  force  which,  if  steadily 
applied  to  a  conductor  whose  resistance  is  one 
ohm,  will  produce  a  current  of  one  ampere. 

Voltage. — Potential  difference  or  electromotive 
force. 

Volt  Meter. — Instrument  for  measuring  volt- 
age. 

Watt. — Unit  representing  the  rate  of  work  of 
electrical  energy.  It  is  the  rate  of  work  of  one 
ampere  flowing  under  a  potential  of  one  volt. 
Seven  hundred  and  forty-six  watts  represent 
one  electrical  horse  power. 

Watt-hour. — Electrical  unit  of  work.  Repre- 
sents work  done  by  one  watt  expended  for  ont 
hour. 


